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FORMULAS 


By Ecxuey Exiison 


(Weather Bureau, Pomona, Calif., October 21, 1928) 


INTRODUCTION 


Considerable attention during the last decade has been 
directed toward the development of methods for forecast- 
ing the minimum temperature using empirical mathe- 
matical formulas. Many formulas have been suggested, 
some of which are inherently faulty. This paper at- 
tempts to consider the subject as an entity to ascertain 
the relative merits of the different systems proposed, 
and to delineate the limitations that necessarily must 
exist in the construction and application of minimum 
temperature formulas in actual forecasting practice. 


GENERAL CONSIDERATIONS 


Frost usually occurs under conditions of high baro- 
metric pressure or when the weather is passing to anti- 
cyclonic control following the progression of a cyclone. 
Atmospheric stability is pronounced. , Weather changes 
are due chiefly to insolation and rising temperature in the 
daytime coupled with free radiation and falling tempera- 
ture at night. From the regularity of the nocturnal fall 
in temperature under ideal frost conditions, i. e., clear 
skies, no wind to disturb the stratification of the lower 
layers of the atmosphere, and the temperature falling 
under the influence of free radiation to a point below 
freezing at sunrise, it is but a step to the enumeration 
and mathematical expression of the various factors 
that operate collectively to produce these changes. 

Under ideal frost conditions the more important factors 
that influence the minimum temperature at any given 
point can be enumerated: 

1. Temperature of the radiating surface——The rate of 
radiation varies as the 4th power of the absolute tempera- 
ture of the radiating ex aba Let this factor be ex- 
pressed symbolically as 7. 

2. Length of night, or interval during which free radiation 
takes place—Symbolically, ¢. 

3. Absolute humidity—The atmosphere would be 


' practically diathermanous were it not for the presence 


in it of water vapor, which possesses the property of 
absorbing to some extent the outgoing waves of heat 
radiation. The rate of radiation is inversely propor- 
tional to the absolute humidity. Symbolically expressed 


as A. 

4. Liberation of latent pea Age condensation and fusion 
of atmospheric moisture u special conditions.—Sym- 
bolically expessed as L. 

33751—29——1 


5. Topographical situation of station.—Points on the 
valley floor, in general, are colder than points on the 
surrounding hillsides due to the effects of air drainage. 
(1) The minimum temperature at any point, then, would 
depend upon the degree of temperature inversion pre- 
vailing and the relative location of this point in the 
stratified lower atmosphere. Symbolically expressed 
as a function of the temperature inversion, f (J). 

If we denote the minimum temperature by y, the 
general equation for its evaluation under ideal frost 
conditions becomes: 


+ f(A) IQ) + (1) 


It is reasonable to assume that the factor f(é) can be 
neglected provided the data are developed by frost 
seasons, since the average length of the night would 
remain practically constant over the period of extreme 
frost danger in the short spring and autumn frost periods, 
while the longer winter frost period is centered over the 
winter solstice when the nights become progressively 
longer to the solstice and then become progressively 
shorter at the same rate. 


INDEX TO TEMPERATURE OF RADIATING SURFACE 


Humphreys states (2): ‘“* * * the temperature of 
the surface layer of the atmosphere is chiefly controlled 
by the temperature of the greedily absorbing and freely 
radiating surface of the earth.”’ If a thermometer is 
exposed 4% feet above the ground in a fruit region (4) or 
other standard thermometer shelter, it has been found 
by experiment that even where the surface texture of 
the ground is made to vary between the extremes of 
bare black soil and luxuriant vegetation, there is very 
littler difference in temperature that can: be attributed to 
the condition of the ground or radiating surface. (5) (6) 
(7). For the purpose of this paper it can be inferred that 
the free air temperature at a point 4% feet above the 

ound is a direct function of the temperature of the 
ose absorbing and radiating ground surface, and as 
such can be used in lieu of the temperature of the radi- 
ating surface. 

Now when it is considered that the rate of radiation 
at any given instant during the night chiefly depends 
upon the pair of values to be associated with the temper- 
ature of the radiating surface and the absolute humidity, 
and that for every pair of values so associated there is a 
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corresponding Sgr of values for the temperature of the 
dew point and the relative humidity, it is possible to 
express equation 1, empirically, as 


(2) 


where d and h are the temperature of the dew point and 
the relative humidity, respectively. 

The factor {(Z) is considered to be taken care of by 
the new factor f(h), since the higher the numerical value 
of the relative humidity at sunset, the greater is the 
probability of the dew point temperature being reached 
and conversely. Some error necessarily is introduce 
here since the factor f(Z) is only indirectly represented 
by the factor f(h), but when it is considered that the 
air temperature often remains quite stationary for 
several hours after the temperature of the dew point 
has been reached, it is seen that this error usually is of 
small order. This function, now discarded, will be 
considered again later. 

Let us now leave equation 2 in its present form and 
proceed to the development of the argument which 
ultimately will lead to the evaluation of the factor f(J). , 


INFLUENCE OF EXPOSURE 


Temperature inversion is a phenomenon met with 
wherever frost occurs. It is due to the fact that the 
thermal conductivity of air is so poor that superstrata 
of different temperature may exist. At night, under 
ideal frost conditions, the ground surface is cooled by 
the free radiation of its heat below the temperature of 
the air immediately adjacent. This surface layer of 
air becomes chilled through the conduction of its heat 
to the colder ground surface, while its increased density 
holds it to the ground; in fact, even is responsible for 
its motion or drift to the surface point of lowest elevation. 

Other conditions being the same, the amount of tem- 
perature inversion will be greater following the day 
with the higher maximum temperature. Also will the 
degree of temperature inversion be greater on those 
nights when the values of dew point and relative hu- 
midity are relatively low, for it is on such nights that the 
rate of effective radiation approaches its maximum and 
minimum temperatures are lowest. 

Recent studies in temperature inversion have brought 
out the fact that very large differences in temperature 
often exist between hill and valley stations (8) (9) (10) 
(11), or at different elevations on towers erected in cold 
orchards (12). Young (9) has found a site in southern 
California where the minimum temperature at a hillside 
station less than one-half mile distant and 225 feet 
higher than a base station was on the average nearly 
17° F. higher than at the base station, with extreme 
differences as great as 28° F. and as small as 8° F. 

Let us assume that temperature formulas were to be 
constructed for each of these stations, using equation 2. 
It is evident that the absolute humidity at both stations 
would be subject only to minute local variations and that 
the only practical difference in the formulas would be 
in the values assigned to the factor f(J). The adiabatic 
temperature difference is here neglected owing to its 
doubtful existence and its small theoretical value. For 
the base station, f(J)=0, and would vanish. For the 
hill station, f{(/)= +17°, with extreme errors of applica- 
tion ranging from —9° to +11°, or more than suffi- 
cient to nullify any accuracy to be obtained by compu- 
tation with the other factors. 
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In every air drainage system there is some one point 
where the slowly moving air first gathers to form the 
nucleus of the pool of cold air that later covers the valley 
lowlands. Such a point is called a key point and the 
temperature station at the key point is called a key 
station. It is obvious that the temperature at the key 
point is unaffected by the degree of prevailing tempera- 
ture inversion, since it is the point from which the tem- 
perature inversions are measured and the one point where 
the degree of temperature inversion is always zero. Thus 
the value of the factor f(J) can be made to vary more or 
less at will merely by moving from one point to another, 
and can be made to vanish at the key point. 

The general equation for minimum temperature under 
ideal frost conditions at the key station can now be 


written: 
y=f@)+f(A). (3) 
FACTORS DIFFICULT OF MATHEMATICAL EXPRESSION 


The ideal frost conditions occur but rarely in nature. 
Other factors are required if Equation 3 is to be made 
applicable to all nights. 

1. Effects due to changing weather conditions.—If 
warmer or colder air were brought in from surrounding 
regions by the general atmospheric circulation, or if the 
absolute himmaidity were changed by this wind move- 
ment, it is obvious that the minimum temperature would 
be affected. 

2. Effects due to mechanical action of night winds — 
Such winds are of frequent occurrence. They disturb 
the air drainage, even to the extent of shifting the key 
point; raise the surface temperature by — the 
warmer air aloft with the colder air near the ground (13); 
and sometimes completely prevent the inversion of 
temperature. 

3. Effects due to cloudiness —Clouds of any type com- 

sed of water droplets interfere with free radiation, but 

ense lower clouds have greater effect than any other 
kind (14) (15). High thin clouds, composed of ice 
crystals, have little or no effect on the rate of cooling 
through radiation. 

Any one of the factors just named could have suf- 
ficient influence by itself to prevent, to a large extent, 
the usual nocturnal fall in temperature, by disrupting 
the normal processes under which the surface tempera- 
ture is made to fall. Many nights which would prove 
damagingly cold under ideal frost conditions are char- 
acterized by temperatures well above the danger point, 
due to the action of winds. Clouds overspreading the 
sky in the latter portion of the night have been respon- 
sible for an abatement of threatened frost on many 
occasions, and fog often prevents it. Changes in abso- 
lute humidity during the night sometimes alter the rate 
of free radiation and cause minimum temperatures other 
than would have been experienced without such change. 

These factors are difficult of mathematical expres- 
sion. Their effects can be approximated from a study of 
current weather maps, and esoterically interpreted in 
terms of the number of degrees by which the free radia- 
tion minimum temperature formula estimate must be 
modified. Minimum temperature formulas, no matter 
how accurate they may be on nights when the ideal frost 
condition prevails, can not be used indiscriminately; nor 
has it been found possible to construct minimum tempera- 
ture formulas of any practical value for all nights. The 
best solution to the problem of minimum temperature 
forecasting is to express mathematically the factors that 
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can be so expressed and approximate the others. The 
minimum temperature formula is thus a means to an end 
and not an end in itself. 


SELECTION OF DATA 


Theoretically only the temperature data obtained on 
radiation nights should be used in the construction of the 
minimum temperature formula. In actual practice, how- 
ever, it is found that there are very few nights during the 
frost season when ideal radiation conditions obtain. On 
many nights when frost gives real concern there is more or 
less wind or cloudiness or both over a portion of the night. 
But the fact remains that on most nights when frost does 
occur, ideal radiation conditions are present during the 
. greater portion of the night, and under these conditions 
the minimum temperature closely approximates that 
which would have been experienced under ideal frost 
conditions. 

It would appear that when the normal fall in tempera- 
ture is interrupted by adverse radiation conditions of a 
local nature, such as intermittent breezes or occasional 
cloudiness, with a return to the ideal conditions after a 
short interval, the fall in temperature is accelerated until 
the effects of the temporary temperature rise are obliter- 
ated and the normal fall is again resumed. There is no 
ready way of explaining this phenomenon except by con- 
sidering that the nonradiation conditions are intensely 
local during any given interval and that the great system 
of air drainage is not permanently affected to any material 
extent. 

Data from which minimum temperature formulas are 
to be derived should include all nights when the minima 
at the key station were 32° F. or lower, with the occa- 
sional rejection of data obtained on cold nights when 
radiation conditions did not preponderate, and some 
additional data taken under ideal frost conditions even 
though the key station minima were above freezing. 


POINTS OF SIMILARITY IN FORMULAS 


It is a point in common with all minimum temperature 
formulas that after the factors to be correlated have been 
selected, the actual construction of the formula is pat- 
terned after the same general method. A “dot chart” is 
prepared by plotting one factor against another. -The 

roblem is then concerned with a determination of the 
ine of “best fit’’ (17) to the data on the dot chart. The 
finished formula itself is simply the mathematical expres- 
sion of this line. 

The construction of the formula from data accumu- 
lated over a number of years presupposes an aver 
condition in the moisture content of the surface soil. 
That the extreme condition in soil moisture is an impor- 
tant factor in minimum temperature forecasting is quite 
evident from the practical application of the hygrometric 
formula during periods of extreme drought or immediatel, 


after periods of heavy rainfall. When the surface soil is 


abnormally dry, minimum temperatures lower by from 
1° F. to 3° F. than the geet: formula estimate 
usually are experienced. en the surface soil is thor- 
oughly soaked with rain, the minimum temperature ex- 
perienced usually is from 1° F. to 3° F. higher than the 
indicated minimum temperature by formula. By judi- 
cious use of this principle it often is possible to improve 
upon the accuracy of the formula estimate. 
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TEMPERATURE FORMULAS SUGGESTED 


Many investigators have suggested from time to time 
empirical formulas designed to evaluate the minimum 
temperature from factors which can be assigned definite. 
values in the late afternoon or early evening. These 
formulas can be placed, roughly, into three mathematica! 


groups: 
Group 1. y=f 
Group 2. y=f (d). 
Group 3. y=f (d)+f (A). 


It is now proposed to deal with each group by itself, 
first listing by numbered paragraphs the various formulas 
as they have been proposed by their originators, and later 
critically discussing each formula in a paragraph num- 
bered to correspond. The following mathematical con- 
ventions will be used throughout the remainder of the 
paper: 

y is the minimum temperature, 

is the temperature of the dew point at an afternoon 
observation, 

h is the relative humidity coincident with d, 

n is a number deduced from study of data, 

Vis a variable depending on d, and, 

V, is a variable depending on h. 


FORMULAS IN GROUP 1 


1. “Median-hour” relationship suggested by Beals 
The average time of occurrence of the temperature 
halfway between the maximum and minimum tempera- 
tures is found. The temperature reading taken at the 
time of the median is then subtracted from the maximum 
temperature and the remainder is used to indicate the 
approximate fall that will occur between the median and 


minimum temperatures. 
2. “‘Post-median-hour” relationship suggested by 
Thomas (19). The number of degrees in temperature 


between the maximum and the temperature registered at 
10 p. m. is considered to be two-thirds of the fall between 
maximum and minimum. 

3. ‘‘Pre-median-hour”’ method originated by Alter (21). 
The trend of temperature fall in the early evening is used 
by the forecaster to Lop the median-hour temperature 
by extrapolation, and thus to arrive at an earlier approxi- 
mation of minimum temperature by the true median- 
hour method. 

4. “Maximum-minimum” relationship proposed by 
Nichols (22) (23). The minimum temperature is con- 
sidered to be a direct function of the preceding maximum 
temperature, so that when the maximum temperature is 
known, the minimum temperature can be determined. 

5. “Daily temperature range”? method formulated by 
Smith (26). The average, atest, and least daily 
temperature range is semimonthly periods, 
and the values used in minimum temperature forecasting 
after the maximum temperature is known. 


DISCUSSION OF FORMULAS IN GROUP 1 


1. The median-hour formula is based upon the general 
principle of assumed harmonic relationship between time 
and temperature under ideal frost conditions. Unless a 
special development of the principle is made, however, 
there is one type of night that occurs rather frequently 
under ideal frost conditions wherein the median-hour 
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formula would not apply. This type of night occurs 
when the dew-point temperature is reached, or closely 
approached, near the hour of the median. How long the 
air temperature will then remain nearly stationary, or 
- continue to fall at a constantly decreasing rate, or 

whether the air temperature will fall lower than the 
dew point at all, are matters not related to the rate of 
effective radiation preceding the median hour. Since 
there is no evidence of any such special development 
having been made, it is probable that some of the in- 
accuracies in the application of the median-hour formula 
are due to this necessity for segregation of data. 

Many investigators who have tried to utilize this type 
of formula have reported unsatisfactory results. It 
would appear that the median-hour formula is open to 
some serious practical objections. 

To give satisfactory results any type of minimum- 
temperature formula must have some application on 
nights when ideal frost conditions do not obtain at all 
times between sunset and sunrise. Many cold nights 
are preceded by cloudy afternoons, as frost is observed 
frequently following the passage of a cyclone, and the 
time of occurrence of the maximum temperature is 
affected to such an extent as to impair the application of 
the median-hour method. . 

A rapid drop in air temperature in the early part of 
the night is quite often followed, in many districts, by 
local winds which cause fluctuating temperatures over 
short intervals. In fact, in some places, the topography 


is such that the fall in temperature must be considered , 


as a causative agent in the production of local winds, as, 
for example, the well-known phenomenon of mountain 
and valley winds. The median-hour method stakes all 
on the air temperature at a certain instant, yet the 
temperature at this instant is often affected by local 
conditions. 

The time of occurrence of the median hour in many 

sections of the country is so late that it is impracticable 
to use the formula in the preparation of forecasts. 
_ Changes in absolute humidity near the time of the 
median will seriously impair the application of this 
method by changing the rate of effective radiation after 
the median temperature occurs. Such absolute humidity 
changes are frequently observed in mountainous country 
due io reversal of winds aloft under special conditions. 

2. The post-median-hour relationship is open to the 
same objections as those just listed for the median-hour 
formula, except that the lateness of the zero hour detracts 
even more from its practical use. 

3. The pre-median-hour method also is subjéct to the 
same criticisms. The method was originally devised to 
overcome one of the principal objections to the median- 
hour formula, namely, the delay in the preparation of the 
minimum temperature forecast while waiting for the 
median hour to be reached. Itis evident that the chances 
for error in the approximation of the median-hour tem- 
perature would make the forecasts by this method subject 
to more risk than by the median-hour method itself, 
without any hope of attaining greater accuracy in the 
predictions. 

4. The maximum-minimum temperature formula sim- 
ply states that with a given maximum a certain range will 
ensue and a given minimum be reached. When it is con- 
sidered that with any given maximum temperature a 
variety of values for absolute humidity are observed in 
practice, it is evident that differences in the rates of free 
radiation of the earth’s heat will occur during different 
nights and consequently a variety of minimum tempera- 
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tures are experienced. These formulas, then, appear to 
be faulty at their source. 

Nichols, who is the chief proponent of the maximum- 
minimum type of formula, in the endeavor to improve 
the usefulness of the basic relationship, has extended the 
application by a complex system of type classification 
wherein five classes of weather conditions are recognized 
(24). He concludes, however, that the relationship is 
inferior to the hygrometric correlation and that 
“* * * greater inaccuracy is likely to result from 
incorrect classification than from inaccuracies in the for- 
mulas when correctly applied” (25). 

5. The daily temperature range method is a variation 
of the maximum-minimum method previously discussed 
and is open to the same objections. 

From a purely abstract consideration of values inherent 
in temperature formulas of the form y=f(T) it would 
seem that in so far as accuracy is concerned they would 
range in the following order: 

i 1. Postmedian-hour formulas. 
» 2. Median-hour formulas. 

3. Premedian-hour formulas. 

4, Maximum-minimum formulas. 
The postmedian-hour formulas would be the most accu- 
rate and the maximum-minimum formulas the least 
accurate, owing to the variation in the time to elapse 
before the occurrence of the minimum temperature 
after the determination of T. A forecast prepared one 
or two hours in advance of an event certainly should be 
expected to have greater accuracy than a forecast pre- 
pared 12 to 14 hours in advance. 

In actual practice, however, the minimum tempera- 
ture forecast must be made and disseminated long before 
the time of occurrence of the median hour in most parts 
of the country. This fact alone excludes from serious 
consideration all the formulas of this group except the 
maximum-minimum and certain of the premedian-hour 
formulas. Thus, the only formulas of the form y=f(T) 
available for practical use are the least accurate of the 
group. 

FORMULAS IN GROUP 2 


1. ‘Evening dew-point” relationship proposed by 
Humphreys (3): The temperature is assumed not to 
fall below the value of the coincident dew-point temper- 
ature, which, for forecasting purposes, is considered to 
be closely the same as the evening dew point. In other 
words, the minimum temperature is determined by the 
value of the evening dew point. 

2. “‘Wet-bulb”’ method originated by Angstrém (27): 
A constant is subtracted from the wet-bulb temperature 
at sunset and the remainder indicates the ensuing mini- 
mum temperature. 

3. “Wet-bulb-minimum temperature’? method pro- 
posed by Keyser (28): The average difference between 
the wet-bulb temperature at 5:00 p. m., and the ensuing 
minimum temperatureisfound. The 5:00 wet-bulb 
temperature, when decreased by the amount of average 
difference, is the estimated minimum temperature. 

4. “Depression of the evening dew-point” method 
tried by Smith (29): The difference obtained by sub- 
tracting the evening dew-point temperature from the 
coincident air temperature at an evening observation 
is used in correlation with the difference obtained by 
subtracting the evening dew-point temperature from 
the ensuing minimum temperature. The relationship 
thus determined enables the minimum temperature to 
be computed from evening observational data, 
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5. “Depression of the dew point below maximum 
temperature,” method ori aan | by Nichols (31): The 
difference obtained by subtracting the temperature of 
the evening dew point from the preceding maximum 
temperature is argued against the ensuing range in 
temperature between maximum and minimum. The 
relationship determined enables the minimum temper- 
“— to be computed from the evening observational 
ata. 
DISCUSSION OF FORMULAS IN GROUP 2 


1. Soon after its initial formal statement, Smith (33) 
provided a refutation based on observational fact of the 
principle inferred in the evening dew-point formula, 
namely that the minimum temperature would not be 
lower than the temperature of the evening dew point. 
Other investigators (11) and the meteorological records 
taken in connection with fruit-frost work establish the 
soundness of Smith’s a ent. Generally speaking 
the relationship can not be consistently demonstrated 
except for elevated stations, well placed in the inversion 
layer. At key stations the minimum temperature often 
is lower than the evening dew point by more than 8° to 
10° F., with occasional extremes of more than 20° F. 
The formula, therefore, is inherently faulty. 

2. The wet-bulb temperature is determined when the 
coincident dry-bulb temperature and the dew point are 
known. Under any given condition its value is greatest 
when the relative humidity is 100 per cent, for it is then 
that the wet and dry bulb temperatures coincide, and 
its value becomes progressively less with decreasing 
relative humidity. In other words, wet-bulb tempera- 
tures and relative humidity change in direct ratio with 
unchanging dew point. 

Assume the dew point to remain constant. The wet- 
bulb temperature can now be made to vary by causing 
that of the dry bulb to change. If the difference between 
the minimum temperature and the wet-bulb readings 
at an evening observation is always to be a constant, 
then we are justified in assuming that the difference 
between the minimum and the dew point, which remains 
fixed, will likewise be a constant for all values of relative 
humidity. 

But when the dew point is fixed, Equation 3 assures us 
that the variation of the minimum temperature from the 


evening dew point depends upon the relative humidity, 


or, 


y—d=f(h) 


and investigators are universally agreed that the right- 
hand member of this equation is not a constant. The 
odes dot charts that comprise Supplement 16, 

onthly Weather Review, offer ample proof of this 
contention. 

During the winter ‘of 1922-23, Dague experimented 
With Angstedin’s formula in a district in southern Cali- 
fornia and found in this season that the variation of the 
minimum temperature from the evening wet-bulb tem- 
perature was not a constant, but had values ranging 
from +12 F. to +23°F. (35). 

We conclude that Angstrém’s wet-bulbj formula is 
fundamentally in error and must be rejected.*4 

3. This formula is of the same order as the one pre- 
viously discussed. Keyser,‘the proposer,himself, admits 
its inferiority (28). ec 

4. Some rather unsatisfactory attempts have been 
made to correlate}the depression,of the eveninggdew 
point with the variation of the minimum , temperature 
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from the evening dew point (29). The difficulty with 
the relationship here expressed lies in the fact that when 
the depression of the evening dew point is computed a 
pure number is obtained which may be the same for 
widely differing values of absolute humidity or air tem- 

erature. Thus, for example, the number 21, which 

ere is taken to represent the difference between the air 
temperature and dew-point temperature at an evening 
observation, may occur under any condition of absolute 
humidity, as the air temperature may vary in such 
manner that a differential of 21 always is maintained; or 
the same number 21 may be obtained with any value of 
air temperature, dependi ng on the absolute humidity. 
The appearance of the differential 21, therefore, is no 
indication whatever of the amount of moisture in the 
air. Many widely differing rates of free radiation, con- 
sequently with widely differing minimum temperatures, 
can occur with any designated differential. 

5. The depression of the evening dew-point temper- 
ature below the maximum temperature formula simply 
states that a certain range in temperature will ensue 
following the occurrence of a certain differential between 
maximum temperature and evening dew point. But the 
temperature difference between afternoon maximum and 
evening dew point is not a measure of the absolute 
humidity, for these latter are independent factors and 
almost any difference can obtain between them when 
one or the other is regarded as being fixed. With any 
designated differential between afternoon maximum 
temperature and eveni cart pena therefore, a variety 
of values for absolute humidity may exist, and with 
them, a variety of nocturnal temperature ranges instead 
of but one. 

FORMULAS IN GROUP 3 


Strictly speaking, there has been but one fundamental 
relationship of the form y=f(d)+/(h) set forth by inves- 
tigators, although at first glance several different for- 
mulas seem to appear. The difference lies not in the 
basic relationship itself but in the methods used to 
express this relationship mathematically. The differ- 
ence in formulas, therefore, is one of form rather than of 
concept. 

ty? a ” method. The fundamental con- 
cept underlying all hygrometric formulas in this group 
is that the ensuing minimum temperature will be greater 
or less than the evening dew-point temperature by an 
amount depending on the relative humidity. In this 
method the difference obtained by subtracting the eve- 
ning dew-point temperature from the minimum tem- 

erature is ed against the evening relative humidity. 

he relationship is used to predict the minimum tem- 
perature from evening observational data. 


DISCUSSION OF FORMULAS IN GROUP 3 


1. The hygrometric relationship is the only one so far 

roposed that conforms strictly to equation 3, evolved 
or predicting the minimum temperature at the key sta- 
tion under ideal frost conditions. It is te be expected 
that the by ometric formulas should be the most satis- 
factory. e greater part of the published literature on 
minimum temperature formulas has to deal with those 
based oni,this relationship, and the consensus of investi- 
gators is¥almost unaminous in awarding to them the 
wreath¥of superiority. These formulas, then, deserve 
more than a passing glance. 

The hygrometric relationship was first proposed by 

Donnel in 1910, while working on Boise, ake, frost 
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records (36) (20) (37). Donnel developed a hygrometric 
formula for Boise based on psychrometric observations 
taken at 6:00 p. m. through the assumption that the line 
of best fit to the hygrometric dot chart was a straight line 
whose equation is of the form 


So far as known, no extended practical use in forecast- 
ing was ever made of this equation and it was regarded as 
unsatisfactory except for a certain narrow range of rela- 
tive humidity and dew point, where fairly consistent 
results were obtained. 

In August, 1917, Smith published in the Monthly 
Weather Review the results of an investigation of the 
hygrometric relationship based on fruit-frost work in 
Ohio since 1915 (34). He followed a different line of 
attack than Donnel and determined from the correlation 
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was cloudy at observation, but indicated values too high 
when the weather at observation was partly cloudy or 
clear. This defect was remedied by writing separate 
equations for these two classes of nights. In effect, this 
amounted to subtracting 24° F. and 5° F., respectively, 
from the original formula to make it applicable on partly 
cloudy and clear nights. 

In using these equations it was found that when the 
5:00 p. m. dew point was below 30° F. or above 40° F., 
the minimum temperature indicated by the formula 
consistently varied from the actual minimum temperature 
by an amount that was nearly constant with the same dew 
point. Also, when the relative humidity at 5:00 p. m. 
was above 67 per cent the formula needed revision 
upward by an amount depending on the relative humidity. 

hus was developed the device called the “method of 
arbitrary corrections,’”’ by means of which the basic 
st formula was made to take on an irregular 
cu 


inear form. Later, the results of this investigation 
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Figure 1.—Hygrometric dot chart for key station at Medford, Oreg., based on spring frost records from 1917 to 1928. State of weather at observation is shown by symbols. 
~ The parabolic curve of formula 1 and the straight lines of formula 3 have been piotted on the chart 


coefficient the probable existence of a linear relationship, 
later calculating the straight-line formula by the method 
of least squares (38) and expressing the hygrometric 
formula in the following convention: 


Y=a-—bR 
where 
Y is the difference between the minimum tempera- 
ture and the evening dew point, or Y=y—d; 
R the evening relative esc ing or R=h; and 
a and 6 are two numbers deduced from study of data, 
or 
a=m/n2 and b=1/nz. 
_. Marvin has already demonstrated the mathematical 
identity of these original Smith and Donnel equations 
(36). In this case both investigators arrived at exactly 
the same place by following different routes; one of whic 
was considerably longer and more difficult than the other. 
In the spring of 1917, Young, while engaged on fruit- 
frost work at Medford, Oreg., investigated the hygro- 
metric formula proposed by Donnel for Boise (39). He 
used data taken at 5:00 p. m. instead of 6:00 p. m., and 
found that the original Donnel equation gave fairly 
accurate results at Medford on cold nights when the sky 


were published in Supplement 16 (16). Young expressed 
his formula after this form: 


y=d— Vat Ve 


He, therefore, was the first to use in actual minimum 
temperature forecasting a hydrometric formula which 
expressed a curved line of best fit to the data from which 
it was constructed. 

In July, 1919, Smith published in Supplement 16 a 
method for fitting parabolic curves to hygrometric dot 
charts after the Marvin “‘star-point’”’ system (17) and the 
mathematical expression of hygrometric formulas in the 
form of parabolic equations: 


y—d=m% + eh + ngh?. 


Nichols found that a rectilinear ines would, in 
some cases, give better correlation than the parabolic 
curve (32). 
ichols (25) and Keyser (40) brought forward the idea 
that dot-chart data in all cases might not best be repre- 
sented by any of the simpler mathematical curves an 
suggested the extension of the “star-point” system to the 
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roduction of a curve drawn by eye alone. This free- 

and curve could than be used directly from the dot 
chart without recourse to further mathematical methods. 

Since these various hygrometric formulas and fore- 
casting methods are all based on the fundamental rela- 
tionship expressed in Equation 3, it is impossible to 
make selection of the best one of the group without some 
investigation into the relative merits of all. Perhaps 
the best method of making this comparison would be to 
develop all the formulas from the same data, and then to 
determine the relative worth by applying the fromulas 
back on the data from which they were derived. If one 
formula were superior to another this method surely 
would bring it to attention. 

An intensive study of hygrometric data taken at the 
Medford, Oreg., key station during the spring frost 
seasons 1917 to 1928, inclusive, is now proposed. In 
this study only the finished dot charts, a ag and 
frequency diagrams of the investigation will be presented. 

Reference is made to the hygrometric dot chart shown 
in Figure 1 from which a number of formulas are now to 
be derived. On this chart are plotted data secured on 
106 nights at the Medford, Oreg., key station during 
the spring seasons over a 12-year interval. The data 
have been selected to include all nights when the mini- 
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and its position shown on the dot chart. (See figure 1.) 

When this formula is applied back on the data from 

which it was derived the results shown in the frequency 
diagram are-obtained. (See figure3.) 

, now, the method of arbitrary corrections be applied 

to the Smith formula as a base, the new formula becomes 

y —d=34—1.6h+ + Vat Vo. Formula 2. 


with values for the variables shown in the table below: 


d Va h Vin 
26° and | 22% to -......- 
+1% | 82% to + 
32° and 33°___________- +1 |35% to 39%_________- 1% 
35° and 36°____________ —1% | 48% to 51%_________- + 3% 
— %| 52% to 59%_________- 0 
$0" —1% | 60% to 
41° to 44") ta ~11% 


When Formula 2 is applied back to the original data 
the results shown in the frequency diagram in Figure 4 
are obtained. 


FicureE 2.—Hygrometric dot Rec for key station at Medford, O 
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.» based on spring frost records from 1917 to 1928. State of weather at observation is shown by sym- 


The free-hand curve of ierauie é and the basic straight lines of formula 7 have been plotted on the chart 


mum temperature fell to 34° F. or lower, provided the 
sky was clear over the greater portion of the night. 
Symbols on the chart show the state of the sky at the 
time of observation. Naturally, a urge portion of the 
data were taken on nights not ideal for free radiation and 
the wide scattering of the dots may be attributed to this 
reason. The rejection of data on — when the sk 
did not clear until after midnight would result in a muc 
more compact arrangement of the dots. This was not 
done because it was desired to deal with the situation 
under conditions as they occur in actual practice. 


SMITH FORMULA 


The first formula to be considered is the parabolic 
type patterned after the Smith method. Three “Star 
points” have been selected as indicated on Figure 1; 
one point for each 35 dots. The hygrometric formula is 


ressed : 
y—d=34—1.6h + .015h?. Formula 1. 


It is obvious from the frequency diagrams that Formula 
2 gives much better application to the data than Formula 
1. Not ~ is the amplitude of variation greatly re- 
duced, but also the accuracy is materially increased. 


DONNEL FORMULA 


Examination of the dot chart in Figure 1 shows at once 
that it would not be possible to select a single straight 
line to represent the data faithfully. Accordingly a sub- 
division of the data has been made in order to apply the 
Donnel method. 


Relative humidity at 
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cloudy y=d—8 
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The position of these lines is shown in Figure 1, and the 


application of the formula is presented in the freq 


diagram in Figure 5 


uency 


Applying the method of arbitrary corrections to For- 
mula 3 changes it to this form: 


State of at at Formula 4 
44% or less__-__- 305 Vat Vi 
Partly cloudy or | Any value______ 
cloudy =d—8+ Vait Vai 
45% or higher__- 


where the variables take on the following values: 


d Va Va 
0 41% 

—3 
d Va 
26% to 87%. +1 
26° to +9% 38% to 0 


The application of Formula 4 is shown in Figure 6. 
Again has the amplitude of variation been reduced and 
the accuracy and dependability of the formula greatly 


increased 


NICHOL’S FREE-HAND CURVE FORMULA 


From the dot chart shown in Figure 2 an attempt has 
been made to draw a free-hand curve of best fit to the 


data. 


This curve has been plotted in Figure 2 and can 


be expressed as a mathematical formula in this manner: 


y=d+ 


Formula 5. 


where the variable takes on fixed values when the rela- 
tive humidity has been determined: 


h Fy Ve 


The free hand curve closely resembles the Smith 
parabola, Formula 1, for relative humidities between 
10 per cent and 52 per cent, but becomes the same as 
the Donnel formula, Formula 3, for relative humidities 
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above 52 per cent. It is in reality a combination of the 
better parts of both Formula 1 and Formula 3 and the 


frequency 
that it is better than either the 


diagram showing its — assures us 


mith of the Donnel 


formulas taken separately. See Figure 7. 
The addition of the method of arbitrary corrections to 
Formula 5 changes it to this form: 


y=d+ Vat Vy. Formula 6. 
where the variables take on values as follows: 

h Vi h Vi 

+3 d Va 

—1% | 35° and 36° ............ —l 
—2 37° and 36° — ¥% 


_ The application of Formula 6 is shown in Figure 8. As 
before, an improvement of the original formula has been 
effected by these simple means. 


YOUNG FORMULA 


Young uses a base equation of the Donnel type for 
each of three classes of nights, depending on the state of 
weather at observation. The method of arbitrary cor- 
rections is applied to the formula as a whole. The base 
equations in this case are plotted in Figure 2 and the 


hygrometric formula expressed: 
p, State of weather at observation Formula 7 
h—20 
AG d Va h Va 
+1% | 26% to 
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The application of this formula is shown in Figure 9. 
It is a fact worth noting that the amplitude of variation 
in Figure 9, roughly from 5° too high to 5° too low, is 
nearly the same as shown in Figures 4, 6, and 8. The 
types of frequency curves in these figures, to, are not, 
entirely dissimilar. If the mass of data were greater 
the similarity undoubtedly would be more pronounced. 

Assuming that the data on the dot chart have but 
one correct interpretation, only one line of best fit can 
be drawn. The evidence in this case points strongly 
to the idea that the line of best fit is irregular, since the 
addition of the arbitrary corrections to any base formula 
results in an vente Tene unless the base formula itself 
is the line of best fit, in which case the corrections vanish. 
In each case here considered the irregular line formula 
produced by the corrections gives better application to 
the data than the regular base formula by itself. And 
in each case the irregular line formula when applied 
to the original data produces the same general type of 
frequency curve, regardless of the type of base formula 
tae in the derivation. We conclude, therefore, that 
the addition of the method of arbitrary corrections to 
any base line or curve. will produce the same irregular 
line of best fit to any hygrometric dot chart. 

We are now in position to select the best type of hygro- 
metric formula. Since the formulas are identical, we may 
select any in which the method of arbitrary corrections has 
been considered, and since the base formula can be any 
line or curve, we are justified in choosing the simplest, 
which is, of course, the straight line. We make selection, 
then, of the formula which uses a straight line as a base 
but changes to an irregular curve, if necessary, by the 
addition of the arbitrary corrections. These specifications 
fit the formula constructed by wy method. 

In seeking out the hygrometric formula to apply to 
different key stations, however, the investigator must 
always be on the alert to a any special conditions 
with which he may be confronted. While a formula 
developed after the methods just outlined will give good 
application at any well chosen key station, a different 
construction placed on the data may result in an even 
better formula. Forinstance, Formula7 can be rewritten 
in such form as to give greater weight to local conditions 
of cloudiness. 


State of weather at observation Formula 8 
y=q +V at Vir. 
h—40 
d Va h Vu 
+ 8% | 22% to 26%... 
90° to +2 127% to 
d Va h Vis 
+1 
d Vas h Vis 
+4 
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The frequency diagram in Figure 10 giving the applica- 
tion of this formula shows that the amplitude of variation 
has been reduced to 3° for 103 of the 106 cases of frost 
used to construct the formula. 


METHOD OF CONSTRUCTING YOUNG FORMULAS 


Since it is a conclusion of this study that the Youn 
type of formula is superior to the others, it may be we 
te state briefly, step by step, an easy method of develop- 
ing this type of formula. : 

1. Construct a dot chart after the methods outlined by 
Smith (30). This is the initial step in the construction 
of any minimum temperature formula. Either make a 
separate chart for clear, partly cloudy, and cloudy nights, 
or better, place all data on.one chart, denoting segrega- 
tion by use of inks of different color. A small index 
number keyed to the original data sheet is placed near 
each dot for identification purposes. 

2. Draw a straight line on the chart to represent, as 
nearly as a straight line may, the data. To simplify 
the formula, care should be 9 to select a line capable 
of whole number expression, even though the position of 
the true line is shifted slightly.. Draw a line for each 
class of data if one line will not represent the whole. 

3. Express this line in the form: 


where n, is the number measured on the horizontal 
relative humidity scale where the line intersects the 
X-axis, or zero line of departure, and, n, is the number of 
units measured by projecting the line on the horizontal 
relative humidity scale, that the line changes in order to 
pass through one unit of variation by projection on the 
vertical scale of departures. 

4. To facilitate the calculation of the arbitrary cor- 
rections, the data for each day should be written on a 
card. The example shown below indicates the data to be 
considered and the method of preparing the cards. The 
headings, of course, can be omitted. 


Evening 


Minimum 
Index | Evening : 
No. | dew point ee tempera- | State of weather 
116 | 30.5°| 76% | 284 Cloudy. Cleared 9:30 p. m. 


5. Using the straight line formula just calculated, go 
through the cards and calculate the formula minimum 
temperature. Find the departure between this and the 
actual minimum temperature. 

6. Now arrange the cards in the order of increasing 
relative humidity. At more or less regular intervals—say, 
about 10 cards—calculate the average departure of the 
formula minimum temperature estimate from the actual 
minimum temperature. This is the arbitrary correction 
to be applied to the formula over the range of relative 
humidity indicated. Apply this correction to the original 
formula estimate and calculate the new departure. 

7. After the relative humidity corrections have been 
determined and applied, arrange the cards in the order 
of increasing dew point. Repeat the process just out- 
lined, thus determining the arbitrary correction to be 
ap vide to the formula over the range of dew point 
indicated. 


CONCLUSIONS 


Under ideal frost conditions the air temperature at the 
surface falls during the night, due to the influence of 
several factors operating simultaneously. The cumula- 
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tive effects of these several factors can be given mathe- 
matical expression, and the minimum temperature closely 
calculated from hygrometric data taken near sunset on 
the preceding day, provided care is taken to locate the 
point for which forecasts are to be prepared with due 
regard for local topography. 

The forecast or key station should be placed as nearly 
as possible to the point where the cold air that drains 
from the surrounding slopes first gathers to form the 
nuceleus of the pool of cold air that covers the lowlands in 
the morning. By so <serue | the key station it is possible 
to avoid entirely the effects due to temperature inversion. 

Minimum temperature forecasts by formula are not 
satisfactory for elevated stations. The errors introduced 
by the factor of temperature inversion are usually s0 
great as to void any accuracy to be obtained by compu- 
tation from the other factors. As a general rule it may 
be stated that the greater the influence of inversion on 
the minimum temperature at any station, the poorer will 
be the application of the minimum temperature formula. 
The formula must have at least as great a variation in appli- 
cation as the difference between the average and extremes 
of temperature departure due toinversion. Formula con- 
struction for an elevated city station is a hopeless task. 

As the means of accomplishment are always less im- 
portant than the ends to be attained, so is the hygro- 
metric formula minimum temperature indications ¢f he 
importance than the final forecast of minimum tempera- 
ture, which properly is the result of processes both mathe- 
matical and empirical. But the fact remains that the 
hygrometric formula is an indispensible tool in the hands 
of the forecaster. Under any of the conditions where‘frost 
is formed a skillfully designed hygrometric formula based 
on key station records over at least a 10-year period offers 
a purely mathematical method of placing the minimum 
temperature estimate within 3° F., of the actual to be ex- 
perienced fully 90 per cent of the time, and in most cases 
within 6° F., in the remaining 10 percent. The skill of the 
forecaster is then directed toward an improvement of the 
original mathematical estimate within this narrow range. 

he forecaster has many things to guide him. In 
general, it is easy to recognize the cases where the depar- 
true will be in excess of 3° F. This occurs during serious 
freeze types of weather where the maximum temperature 
and dew point are unusually low, with an accompaniment 
of winds of decided force; or else when local winds and 
cloudiness are to be experienced during a portion of the 
night. The experience of the previous morning often is 
at hand. The amount of moisture in the surface soil 
sometimes offers a dependable means of correction. For 
the rest, the personal experience of the forecaster in his 
own particular district, and his personal ability to deter- 
mine accurately the immediate weather from the current 
weather chart and translate these indications into the 
terms of degrees in temperature, is put to test. 

The forecaster also must be able to differentiate between 
the conditions where frost will or will not occur. Itisa@ 
fact that the majority of nights during the period when 
frost danger is most acute would be frosty if the sky re- 
mained clear and there was no surface wind. The hygro- 
metric formula, being constructed from data taken on 
cold nights only, invariably indicates this tendency. But 
all nights during the frost season are not actually frosty. 
Some are cloudy; some are windy; and some are rainy. 
It is the forecaster’s own job to segregate the nights when 
Properly used, the 
formula will indicate about how low the temperature at 
the key station will fall under ideal frost conditions, and 
gives the forecaster a base upon which to build, but it has 


2% We 
= 
; 
34 
‘sa 
4 
a 
a 


DeceMBER, 1928 


nothing but theoretical application on nights when frost 
is not experienced. The y rometric formula is not con- 
structed for use on nights like these 

Of the many temperature formulas that have been 
suggested, some are inherently faulty and others have 
but limited use. The family of temperature formulas 
based upon the hygrometric relationship has been shown 
in this paper to be outstandingly superior. It so happens, 
however, that within this family of hygrometric formulas 
there is one that maintains a flexibility in construction and 
accuracy in practical application in a degree not attained 
by the others. This is the Young formula wherein the 
basic relationship is linear and close construction given 
to the data by a series of arbitrary corrections. 

Much in useful accuracy is lost if the variables V4 and 
V, are not computed. It is not enough to carry the 
formula development only to the point where the base 
formulas are determined, for although in such cases there 
is likely to be excellent correlation between the factors, 
values usually can be assigned the variables which will 
result in even closer correlation. The variables provide: 

‘1. For the influence of local topography, and, 

2. An empiric evaluation of f (L). 

If only a short record is available for a key station 
where it is desired to develop a formula, it will be found 
that not enough data are at hand from which to construct 
a satisfactory formula of the Young type. In this case 


' the Smith or Nichols type of formula is recommended, as 


these formulas lend themselves readily to interpolation. 
Later, a formula after Young’s method can be constructed. 

Any of the other formulas in the hygrometric family, 
when given the same treatment of arbitrary correction as 
used in Young’s formula, have the same flexibility and 
accuracy. The smooth mathematical line of best fit is 
altered by the corrections to approach the position of an 
irregular line of best fit. There is no evidence to support 
the idea that the data on the dot chart must conform to 
some standard mathematical line or curve. The evi- 
dence, rather, points to the contrary view that, in most 
cases, the line of best fit is an irregular curve. By the 
of the method of arbitrary corrections 
all the formulas in the hygrometric group are reduced to 
the same general irregular form regardless of the form of 
the base formula, whether parabola, hyperbola, free-hand 
curve, or straight line. In fact, all hygrometric formulas 
wherein the arbitrary corrections have been considered 
can be shown to be mathematically identical. 

Selection of the Young straight-line formula as the 
superior formula of the hygrometric group is made for the 
reason that, since all the formulas when given similar 
treatment by arbitrary corrections are mathematically 
identical, it is proper to select the simplest’ means of 
accomplishing a desired end. 
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The frequency diagram in Figure 10 giving the applica- 
tion of this formula shows that the amplitude of variation 
has been reduced to 3° for 103 of the 106 cases of frost 
used to construct the formula. 


METHOD OF CONSTRUCTING YOUNG FORMULAS 


Since it is a conclusion of this study that the Yo 
type of formula is superior to the others, it may be we 
to state briefly, step by step, an easy method of develop- 
ing this type of formula. . 

1. Construct a dot chart after the methods outlined by 
Smith (30). This is the initial step in the construction 
of any minimum temperature formula. Either make a 
separate chart for clear, partly cloudy, and cloudy nights, 
or better, place all data on.one chart, denoting segrega- 
tion by use of inks of different color. A small index 
number keyed to the original data sheet is placed near 
each dot for identification purposes. 

2. Draw a straight line on the chart to represent, as 
nearly as a straight line may, the data. To simplify 
the formula, care should be taken to select a line capable 
of whole number expression, even though the position of 
the true line is shifted slightly. Draw a line for each 
class of data if one line will not represent the whole. 

3. Express this line in the form: 


h-n 


y=d— 


where n, is the number measured on the horizontal 
relative humidity scale where the line intersects the 
X-axis, or zero line of departure, and, n2 is the number of 
units measured by projecting the line on the horizontal 
relative humidity scale, that the line changes in order to 
pass Grows one unit of variation by projection on the 
vertical scale of departures. 

4. To facilitate the calculation of the arbitrary cor- 
rections, the data for each day should be written on a 
card. The example shown below indicates the data to be 
considered and the method of preparing the cards. The 
headings, of course, can be omitted. 


Evening | Minimum 

Index | Evening relative tem 
pera- 
No. | dew point | humidity | ture | 


116 | 30.5°| 76% | 284 Cloudy. Cleared 9:30 p. m. 


State of weather 


5. Using the straight line formula just calculated, go 
through the cards and calculate the formula minimum 
temperature. Find the departure between this and the 
actual minimum temperature. 

6. Now arrange the cards in the order of increasing 
relative humidity. At more or less regular intervals—say, 
about 10 cards—calculate the average departure of the 
formula minimum temperature estimate from the actual 
minimum temperature. This is the arbitrary correction 
to be applied to the formula over the range of relative 
humidity indicated. Apply this correction to the original 
formula estimate and calculate the new departure. 

7. After the relative humidity corrections have been 
determined and applied, arrange the cards in the order 
of increasing dew point. Repeat the process just out- 
lined, thus determining the arbitrary correction to be 
applied to the formula over the range of dew point 
indicated. 

CONCLUSIONS 

Under ideal frost conditions the air temperature at the 
surface falls during the night, due to the influence of 
several factors operating simultaneously. The cumula- 
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tive effects of these several factors can be given mathe- 
matical expression, and the minimum temperature closely 
calculated from hygrometric data taken near sunset on 
the preceding day, provided care is taken to locate the 
point for which forecasts are to be prepared with due 
regard for local topography. 

he forecast or key station should be placed as nearly 
as possible to the point where the cold air that drains 
from the surrounding slopes first gathers to form the 
nuceleus of the pool of cold air that covers the lowlands in 
the morning. By so locating the key station it is possible 
to avoid entirely the effects due to temperature inversion. 

Minimum temperature forecasts by formula are not 
satisfactory for elevated stations. The errors introduced 
by the factor of temperature inversion are usually so 
great as to void any accuracy to be obtained by compu- 
tation from the other factors. As a general rule it may 
be stated that the greater the influence of inversion on 
the minimum temperature at any station, the poorer will 
be the application of the minimum temperature formula. 
The formula must have at least as great a variation in appli- 
cation as the difference between the average and extvetne 
of temperature departure due toinversion. Formula con- 
struction for an elevated city station is a hopeless task. 

As the means of accomplishment are always less im- 
portant than the ends to be attained, so is the hy 
metric formula minimum temperature indications ¢f , 
importance than the final forecast of minimum tempera- 
ture, which properly is the result of processes both mathe- 
matical and empirical. But the fact remains that the 
hygrometric formula is an indispensible tool in the hands 
of the forecaster. Under any of the conditions wherefrost 
is formed a skillfully designed hygrometric formula based 
on key station records over at least a 10-year period offers 
a purely mathematical method of placing the minimum 
temperature estimate within 3° F., of the actual to be ex- 
perienced fully 90 per cent of the time, and in most cases 
within 6° F., in the remaining 10 percent. The skill of the 
forecaster is then directed toward an improvement of the 
— mathematical estimate within this narrow range. 

he forecaster has many things to guide him. In 
general, it is easy to recognize the cases where the depar- 
true will be in excess of 3° F. This occurs during serious 
freeze types of weather where the maximum temperature 
and dew point are unusually low, with an accompaniment 
of winds of decided force; or else when local winds and 
cloudiness are to be experienced during a portion of the 
night. The experience of the previous morning. often 1s 
at hand. The amount of moisture in the surface soil 
sometimes offers a dependable means of correction. For 
the rest, the personal experience of the forecaster in his 
own particular district, and his personal ability to deter- 
mine accurately the immediate weather from the current 
weather chart and translate these indications into the 
terms of degrees in temperature, is put to test. 

The forecaster also must be able to differentiate between 
the conditions where frost will or will not occur. It is 
fact that the majority of nights during the period when 
frost danger is most acute would be frosty if the sky re- 
mained clear and there was no surface wind. The hygro- 
metric formula, being constructed from data taken on 
cold nights only, invariably indicates this tendency. But 
all nights during the frost season are not actually frosty. 
Some are cloudy; some are windy; and some are rainy. 
It is the forecaster’s own job to segregate the nights when 
Properly used, the 
formula will indicate about how low the temperature at 
the key station will fall under ideal frost conditions, an 
gives the forecaster a base upon which to build, but it has 
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nothing but theoretical g oun on nights when frost 
is not experienced. The hygrometric formula is not con- 
structed for use on nights like these 

Of the many temperature formulas that have been 
suggested, some are inherently faulty and others have 
but limited use. The family of temperature formulas 
based upon the hygrometric relationship has been shown 
in this paper to be outstandingly superior. It so happens, 
however, that within this family of hygrometric formulas 
there is one that maintains a flexibility in construction and 
accuracy in practical application in a degree not attained 
by the others. This is the Young formula wherein the 
basic relationship is linear and close construction given 
to the data by a series of arbitrary corrections. 

Much in useful accuracy is lost if the variables V4 and 
V, are not computed. It is not enough to carry the 
formula development only to the point where the base 
formulas are determined, for although in such cases there 
is likely to be excellent correlation between the factors, 
values usually can be assigned the variables which will 
result in even closer correlation. The variables provide: 

1. For the influence of local topography, and, 

2. An empiric evaluation of f (ZL). 

If only a short record is available for a key station 
where it is desired to develop a formula, it will be found 
that not enough data are at hand from which to construct 
a satisfactory formula of the Young type. In this case 


' the Smith or Nichols type of formula is recommended, as 


these formulas lend themselves readily to interpolation. 
Later, a formula after Young’s method can be constructed. 

Any of the other formulas in the hygrometric family, 
when given the same treatment of arbitrary correction as 
used in Young’s formula, have the same flexibility and 
accuracy. The smooth mathematical line of best fit is 
altered by the corrections to approach the position of an 
irregular line of best fit. There is no evidence to support 
the idea that the data on the dot chart must conform to 
some standard mathematical line or curve. The evi- 
dence, rather, points to the contrary view that, in most 
cases, the line of best fit is an irregular curve. By the 
of the method of arbitrary corrections 
all the formulas in the hygrometric group are reduced to 
the same general irregular form regardless of the form of 
the base formula, whether parabola, hyperbola, free-hand 
curve, or straight line. In fact, all hygrometric formulas 
wherein the arbitrary corrections have been considered 
can be shown to be mathematically identical. 

Selection of the Young straight-line formula as the 
superior formula of the hygrometric group is made for the 
reason that, since all the formulas when given similar 
treatment by arbitrary corrections are mathematically 
identical, it is proper to select the simplest means of 
accomplishing a desired end. 
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A large amount of data regarding upper-air currents 
has been obtained at Honolulu, Territory of Hawaii, 
from the pilot-balloon observations taken for aviation pur- 

Oses in its environs at the naval station, Pearl Harbor. 

efore January, 1924, few balloon flights were followed 
above 6 kilometers, so that studies of these data made by 
Blair (1) and Beal (2) were limited to winds of moderate 
altitude. It is the purpose of this article to discuss 
upper winds over Pearl Harbor (lat. 21° 22’ N., long. 
157° 57’ W.), based on an analysis of 159 flights made 
between July, 1924, and July, 1927, all of which were 
followed above 5 kilometers and in one instance to 30 
kilometers. These were evenly distributed over the three 
years and provide good material for the study of trade 
winds, although a “4 x number of flights was desired. I 
am indebted to J. F. Voorhees, meteorologist, United 
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States Weather Bureau, Honolulu, for having placed them 
at my disposal. Although situated upon an and within 
the Tropics, Honolulu has both a very small annual rain- 
fall (25.41 inches) and a large percentage of days with 
cloudless sky, which combine to make it an excellent 
location for aerological investigation. 
Honolulu is situated southwest of the permanent high- 
preset center of the eastern Pacific in an area where the 
E. trades are prevalent throughout the whole year. From 
June to August winds from east to northeast blow for over 
93 per cent of the time, and even in the winter sea- 
son, when most interrupted by winds set up by cyclonic 
depressions, trades persist for 66 per cent of the time. 
he percentage frequency of winds blowing from 16 
fons of the compass for half-kilometer levels up to 11 
ilometers is given in Table 1. 


TaBLeE 1.—Frequency of winds from various directions at different altitudes above Pearl Harbor, Honolulu, 1924-1927 


Num- 
Altitude (kilometers) N. | NNE.| NE. | ENE.; E. | ESE.| SE. | SSE.| 5S. | SSW.| SW. | WSW.; W. | WNW.) NW |NNW. 
vations 
Per cent) Per cent\ Per cent Per cent| Per cent Per cent Per cent| Per cent Per cent| Per cent Per cent Per cent| Per cent| Per Per cent Per cent) Per cent 
141 15 5 18 35 ll 1 3 1 2 1}. 1 6 
154 3 1 23 44 13 3 2 2 1 2 3 2 1 
4 10 45 24 2 3 1 3 3 3 |. 3 
0 Peincncwcncsedesnsentominensdens 155 1 1 6 4 26 4 3 1 1 2 3 2 3 1 1 
5 eee 159 3 1 8 30 26 10 3 | Ra ee 2 1 3 3 4 1 3 
fl ae eee oe 157 4 6 7 16 27 10 4 4 1 2 2 3 3 4 4 4 
2.0.. 154 2 6 11 17 17 12 8 5 1 3 4 3 : 4 2 3 2 
pS ee ee en 156 3 5 ll 14 17 15 4 5 1 4 6 3 3 2 3 4 
Se Se 153 7 5 12 ll 10 14 9 5 1 2 5 5 5 3 2 4 
Bonn eenrnsnencnnverccesee-senses 155 6 7 13 12 8 12 6 3 1 3 6 8 3 3 3 6 
eae 158 8 4 8 ll 10 4 7 4 3 4 4 10 6 6 7 5 
See 158 2 8 6 8 8 5 8 6 2 6 6 10 6 6 4 8 
eee 154 5 4 7 10 6 6 4 5 1 6 10 9 6 5 9 7 
ae ee EOD 151 4 7 5 9 5 7 3 2 3 8 10 7 8 9 5 8 
GB cisntices.-ntdnquocsseccenensea 131 5 4 8 8 5 5 2 5 2 8 5 5 15 9 7 8 
cn 90 9 4 7 10 2 1 7 6 9 12 10 9 13 
_ 74 12 7 7 11 3 | 4 6 12 7 12 10 8 
68 7 7 6 2 2 Re 3 2 2 4 16 3 12 16 7 
ewes 63 6 5 6 3 2 5 13 11 4 8 
53 6 4 4 4 2 4 2 6 6 15 7 17 2 
41 5 2 7 5 5 2 7 2 20 10 7 10 
WDD... 27 4 7 7 ll 4 4 4 15 7 11 4 
24 8 4 17 4 8 € 8 13 8 13 13 


The NE. winds at the surface veer with increasing 
altitude through E. and SE. to SW. and NW. until at 
12 kilometers the winds have completed the circuit 
through 360°, and are*blowing again from the NE. Only 
9 balloons were followed above 12 kilometers and these 
would indicate northerly and easterly winds to 20 kilo- 
meters. In Figure 1 are given the directions of all flights 
above 11 kilometers which, although subject to consider- 
able individual error through leaks in a a fabric and 
vertical currents, give evidence of the existence of the 
upper NE. trade winds. 


While the wind veers round as viewed from outside the 


earth in a clockwise direction it does not do so at a regular 
rate; there are two main currents continuing throughout 
the year, with intervening bands of winds with direction 
varying with the season. The two, predominating wind 
currents}arefthe} NE. trades up to 2 kilometers and the 
NW. antitrades}from 7 to 12 kilometers. Between these 
two main currents are southerly winds with direction de- 
pending upon theseascn. Above the NW. antitradeis the 
thin upper trade{jwind reaching to the tropopause. In the 
tropopause as Dobson has found in England the winds are 
subjectitofwide vagaries, both in direction and velocity. 
Above the trades, the great current of air is the NW. anti- 


trade which, it is interesting to note, Ficker (3) has found 
playing an equally important réle at Teneriffe in 
approximately the same latitude in the Atlantic Ocean. 

n order to investigate the variation in the heights of 
winds with season, the observed wind velocity at each 
half kilometer was resolved into north-south and east- 
west components, the components being grouped in 
periods of two months. Although the results obtained 
at Honolulu by this method are believed to represent the 
state of affairs normally existent in nature, there are 
conditions not strikingly dissimilar when the method 
would lead to fallacious conclusions. Thus a belt of very 
strong winds blowing for nine-tenths of the time may 
sweep the balloons so far from the observer that they are 
lost in distance. The balloons released when light or 
contrary ground winds occur will continue to be observed 
through the belt of strong winds usually present into levels 
which are probably calmer than their normal state. 
There is a small wo te effect in the 159 flights here 
discussed each of which is followed to at least 5 kilometers; 
the wind velocities up to 4 kilometers altitude are about 
15 per cent less for each level than those given by Beals 
for 1,265 flights taken daily. The velocity components 
up to 10 kilometers are given in Tables 2 and 3. 
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TABLE 2.—North-south wind components at Honolulu 
(The plus sign (+) indicates north component} 


Jan.- | Mar.-| May-| July- | Sept. | 

Altitude (kilometers) Feb., | Apr., | June, | Aug., | Oct., eC., 
. Pp. 8.|M. p. p. M. p. S.| p. s./M. p. 8. 
+0. 62 | +1.21 | +2.25 | +2.12| +1.17 
0.00 | +0.74 | +0.75 | 41.78 | 41.92) +0.09 
1.0 —0. 59 | +0.69 | +0.75 | +1.80| +179} —0.41 
vere —1.19 | —0.09 | +0.29 | +0.75 | +1.37 | +0.20 
—2.39 | —0.66 | —0.57 | +0.64 | +1.07| 
—2. +0.31 | —0.89 | +1.06 +1.06| —1.46 
3.0. —1.87 | +0.19 | —1.43 | +1.05 | +1.81 | —0.22 
—2.17 1.69 | —1.57 | —0.20 | —0.73 
4.5. —1.46 Tt 73 | —1.28 | —0.64 —0.27 
—1.35 1.22 | —1.03 | —0. 87 2.34; —0.21 
5.5 —0. 21 | +1.45 | —1.86 | —1.50 |} +2.64 +0.39 
—0.08 | +3.28 | —1.74 | —1.25 | +3.94 
+1. 61 | +2.21 | —1.07 | —2,28 | +4.89 1. 68 
7.0 +2. 53 | +2.30 | —1.00 | —3.08 02; +216 
37 2.92 | —0.73 | —3. 59 83 1, 93 
77 | +3.18 | +0.08 | —2.27 | +5.33 | +1.98 
9,97 | +7.62 | —0.95 | —6.07 | +3.99 | +4.30 
9.5. +8. 00 | +5.13 | —4.63 | —5.95 | +4.99 | +6.21 
bape +3. 50 | +4.33 | +0.20 | —5.47 | +5.46 | +4.68 


TaBLE 3.—East-west wind components of velocity"at Honolulu 
[The plus sign (+-) indicates west wind] 


Jan.- | Mar. | May- | July- | Sept.- | Nov.- 
Altitude (kilometers) Feb., | Apr., | June, | Aug., | Oct., | Dee., 

Mm. p. mM. p. p. p. p. S.|M.p. s. 

0.25. —2. —2.02 | —2.08 | —5.32 | —3.41 | —2,.43 
0.50. —3.87 | —2.45 | —2.60 | —5.79 | —4.05| —2.73 
0.75. —4,17 2.53 | —2.37 | —6.28 | —4.84) —2.53 
1.0 —3.76 | —1.61 | —2.15 | —6.66 | —4.67| —2.01 
1.5. —2.60 | —1.86 | —1.87 | —5.03 | —3.01 | —1.51 
2.0. —2.50 | —1.56 | —2.15 | —3.89 | —2.36 | —1.38 
2.5. —2.65 | —1.03 | —1.93 | —2.96 | —2.30| —2.64 
3.0. +0.09 |} —1.18 | —2.38 | —2.12| —2.67 
—0.61 | +1.06 | —1.23 | —1.89 | —1.68| —1.74 
4.0. —0.10 | +2.44} —1.00 | —0.81 | —0.55 | —1.56 
4.5. 27 | +2.64 | —1.04 | —0.99 | —0.16 0. 00 
5.0 1. 80 3.99 | —1.77 | —0.26 | +0.74| —0.02 
5.5. +3. 58 5.29 | —1.05 | +0.62 | +1. 44 
- 6.0. +2. 04 5.68 | —0.33 | +2.75 | +2.44 75 
6.5, +3.07 | +7.95 | +0.49 | +3.98 | +2.42 +1.03 
7.0. +4.82 | +5.36 | +0.50 | +3.32 | +2.49 | +0.77 
7.5.. 48 | +4.20 | —0.40 | +5.50 +2.28| +2.08 
38 | +8.78 | —2.94 | +5.84 | +1. 20 ll 
Dcackns +13.0 | +9.88 | —4.70 | +7.14 | +2.54 . 51 
9.0. +12.9 |-+-10.22 | —5.22 | +6.57 | +7.48 | +2.20 
9.5. .-|+10. 94 73 | —8.79 | +8.63 | +7.27 | +2.84 
10.0. +10. 15 33 | +8.70 | +8.25 | +3.23 | +196 


Although the north-south components at the surface 
are strongest during May to September, it is to be noted 
that above 1 kilometer the absolute velocities are greater 
during January to April. The steeper temperature 
gradients set up during the winter months between the 
temperate zone and the equator produce a more vigorous 
circulation at the higher levels. The variation of the 
heights at which winds blow is most clearly seen from 
Figures 2 and 3, derived from the above tables. 

(1) The NE. trade winds are shallowest from Novem- 
ber to February when they have a depth of 1 kilometer 
and deepest from July to October when they are 4 
kilometers thick. The upper NW. wind is weakest and 
thinnest during the northern summer from May to August. 
SE. winds would appear to interrupt the NW. current 
during May and June but there are few observations 
available to establish this result. There is a much 
greater development of winds from the south during 
summer which may be due to increased convection or 
to the dumping of air into the Northern Hemisphere by 
the SE. trades which are much stronger during these 
months. The United States Pilot Charts give their 
usual northern limit as 5° N. during June to August 
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and 5° S. during December to Febru Neither of 
these forces acts directly. The overflow from the south 
would have been deflected by the earth’s rotation from 
this direction long before it reached Honolulu unless 
guided by other forces. The effect of the increased 
vertical currents in setting up stronger trades when the 
sun is overhead in June does not have its counterpart in 
the southern Pacific, where the trade winds are weakest 
during December and January, the months in which the 
sun’s altitude is greatest. 

From the velocity components the relative displace- 
ment of air east or west, and towards the Equator or the 
Pole was obtained for each kilometer stratum by multi- 


25, 


FieurE 1.—Direction of it balloons above 11 kilometers at Pearl Harbor, Honolulu. 
ae showing variations there is evidence of northerly winds up to 26 
me 


plying the velocity of each stratum by its density. The 
opted mean velocity for layers up to 9 kilometers was 
obtained by taking the mean of the two monthly veloc- 
ities, above 9 kilometers, owing to the uneven distribu- 
tion of data the mean of all flights was used. Lacking 
density data based on observations at Honolulu, an air 
density midway between that found for Equator and for 
Canada was used. Since the air has the same density 
at these places at an altitude of 11 kilometers and has a 
maximum difference at 1 kilometer of only 5 per cent 
the error introduced by assuming a density midway 
between them must be slight. The relative displacement 
of air is given in Table 4. 
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Tasie 4.—Relative displacement of air in layers 1 kilometer thick to 
an altitude of 14 kilometers 
Air =10Xwind velocity in x of the air. Plus indicates 
[Air displacement sign 
| | | wae 
ve. ve. y 
Height, kilometers moa? compo- compo- | displace- 
nent, ment nent, ment 
m. Pp. 8. m. p. 
3.32) +112] +43.98| -358| —1188 
3.00} 40.22) +066; -—265 —7.95 
2.70} —0.37| -100| -225) -6 
198} 40.14; 4028) 4186] 43.68 
178) +117} 4208) +3.16| +562 
1.36) +268) +3.64 3.28 | +446 
0.86) +684) +588; +167) +144 
0.66; +428] +282; +306; +201 
Kms | ' 
‘ 
West |Wind 
East | Wind 
0 
i MM. SQ mM 


FicuRE 2.—Variation of height of east-west wind components during year. During 
May-June easterly winds prevailed above 6 kilometers : 


Up to 13.5 kilometers the air mass moved toward the 
east is 1.1 times as much as the air moved toward the 
west; making use of the velocities determined from the 
few flights available up to 25 kilometers altitude, it is 
found that there is the same amount of air transported 
toward the east as toward the west. There is a great 
preponderance of air movement toward the Equator; up 
to 13.5 kilometers the polar inflow to the Bauates is 
twenty-seven times the outflow. Owing to the fre- 
quency and strength of southerly winds about the 
20-kilometer level the excess of polar inflow computed 
from all flights up to 25 kilometers is reduced to 9.5 
times the outflow from the Equator. Above the 25- 
kilometer level the density becomes so small that, even 
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should southerly winds with exteremely high velocities 
occur at these heights, the total air mass moved to- 
ward the Equator would remain much greater than 
that moved poleward. 

The trade winds have, until recently, been explained 
as the return flow at surface levels of the warm air which, 
having risen at the Equator to great altitudes, flows off 
toward the Pole; the rotation of earth deflecting the 
returning winds so that their a i agi to the Equator 
has an angle of 45° therewith. This simple explanation 
has been attacked by modern meteorologists, notably 
Sir Napier Shaw. To the modern view the intertropical 
circulation may be considered as currents of air flowing 
in between centers of high pressure guided along their 
course toward the Equator by pressure distribution and 
then after joining the equatorial current finding their 
way to high latitudes either at great altitudes or on the 
appropriate side of high-pressure centers. The old view 
would require above every point in the intertropical area 
an equivalence of air moving north and south. The 
Honolulu data show clearly that there is at that point 
not an equal north and south flow but a great mass of air 
being carried in toward the Equator. Above the Hawai- 
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Fiecure 3.—Variation in height of north-south wind components during year. In 
September—October northerly winds occurred at all heights up to 11 kilometers 


ian Islands there is a continuous equatorward current of 
lar air; where this current works back to high latitudes 
is not clear. 
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Observations on the blueness of the sky have been 
regularly made at me Samoa (13° 48’ S.; 171° 48’ W.), 
South Pacific Ocean from J anuary, 1927, to October, 1928. 
The intensity or cope of the blue was determined on a 
scale devised by F. Linke by a method recently described 
in this journal.' The deepest blue, ultramarine, is desig- 
nated tint 12; the lightest, a bluish white tint, is 2. The 
data are of interest on account of being taken at sea level 
on an island where contamination of the air by smoke or 
fog does not occur. The island, which is covered with 
dense vegetation, has an area of 450 square miles. Apia 
lies not far from the center of the south-east trade wind 
belt in extreme oceanic surroundings, the total land area 
within 1,500 miles being less than 1 per cent. 

The color of sky was observed, when possible, at 9 
a. m: and 3:15 p. m. In 19 months the sky has been 
found to vary from lightest tint 4, occurring once, to 
deepest tint 10, occ eleven times. Table 1 shows 
the annual variation in blueness of the sky. 


TaBLE 1.—Annual variation in blueness of sky at Apia, Samoa 


Jan. | Feb. | Mar.| Apr. | May | June| July | Aug. | Sept.} Oct. | Nov.} Dec. 


A.m....| 7.0] 7.4) 7.3) 7.0) 7.6) 68] 80) 7.8) 7.8) 7.9) 7.5) 7 
6.5] 7.6) 7.0) 64) 60) 66) 62) 7.0) 7.9) 68) 72) 7 


It is seen immediately that the sky is a deeper blue 
in the morning than in the afternoon, especially so during 
the trade-wind, or dry season, from May to September. 

Dividing up the year into three seasons—wet, Novem- 
ber to February; » May to August; and equinoctial, 


September, October, March, and April, the differences 
forenoon and afternoon are as follows: 

| 


1 Linke, F. Mo. Wea. Review, June, 1928, 56: 224. 
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There is obviously only a very slight seasonal change. 
The smallness of the a. m.—p. m value in the wet season 
is due to the frequency of the rain which produces 
constant humidity conditions throughout the se In 
the dry season, the convection and vertical currents set 
up causes, both by the presence of slightly condensed 
water vapor and by the enlargement of salt particles, a 
— of the sky. 

The blueness of the sky at any moment is closely 
related to the existing cloudiness and the visibility vide. 
(Table 2.) In the scale of cloudiness 10 is overcast 
and 1 the almost unchanging ring of cumulus cloud 
occurring in fine weather around the horizon at sea in 
the Tropics. 


TaBLE 2.—Variation of sky blue with cloudiness and visibility 


4 5 6 7 8 9 10 
Number of observations_._... 1 B 50 84 125 58 6 
Mean cloudiness__........... 6 5.7 5.0 3.9 2.3 1.9 1.8 
Visibility 5 4.1 4.1 3.7 3.4 3.2 3.3 


The visibility is measured according to an arbitrary 
scale from 1 to 6 in which visibility 6 represents seeing, 
such that light and dark area may be clearly distinguished 
on a mountain side 50 kilometers distant and, visibilit 
1 when an object 1 kilometer distant is just visible. 
objects are viewed across water. yg effects were 
eliminated by having the objects in line and including 
only morning observations. 

he presence of clouds is concomitant with the lighting 
up of the sky. This may arise either, as Linke suggests, 
from the hydroscopic enlargement of particles floating 
in the air or from the formation of thin clouds. The 
particles are doubtless largely of common salt formed by 
evaporation of sprays. These float principally in the 
lower stratum of the air so that their removal by rain 
ae both visibility and the depth of blueness of 
the sky. 


SEVENTEEN-YEAR RECORD OF SUN: AND SKY RADIATION AT MADISON, WIS., 


APRIL, 1911, TO MARCH, 1928, INCLUSIVE 


By Artuur F. Pirro 
(Weather Bureau Office, Madison, Wis.] 


Introduction.—Beginning with April, 1911, a continuous 
record of the intensity of sun and sky radiation has been 
obtained at Madison, Wis., through the medium of the 
Callendar bolometric sunshine recorder. The record 
has been made by receiver No. 9864. For a description 
of the instruments, their errors, reduction factor, and 
exposure, the reader is referred to Kimball & Miller (1). 

adiation—Summaries of the hourly, daily, weekly 
and annual intensities and extremes have been tabula 
and are presented here. Curves of normal and max- 
imum intensities, etc., have been 1 ge from the data. 
The intensity of solar rays incident at a point on the 
earth’s surface is chiefly dependent on the elevation of 
the sun with respect to that point. The incoming rays 
are absorbed in proportion to the thickness of the atmos- 
phere; i. e., the air mass, m, through which they must 
pass. The ular fluctuations of daily and annual 
radiation are the result of the revolution of the earth on 
its axis, and the change in the sun’s declination and 


distance effected by the earth’s revolution in its orbit 
around the sun. The irregular variations are due to the 
effect of the weather and the change in the quality of the 
transmitting atmosphere. 
Transparency.—The transparency of clear air is de- 
— upon three factors—the depletion of radiation 
ue to the molecular scattering and absorption by dry 
air; by wet haze, or water vapor; and by dry haze, or 
dust. The last two vary greatly from a maximum in the 
warm season to a minimum in winter, as shown by Table 
1. Transparency is here represented by means of the 
atmospheric transmission coefficient, a, computed from 


the equation, a™= a where m equals air mass, Q’ the 


value of the radiation intensity corresponding to m, 
reduced to mean solar distance, and Q, the value of the 
solar constant, here assumed to be 1.94. 
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Curves of radiation.—Curve 1, Figure 1, the maximum 


noon intensity of solar radiation on a normal surface as 
recorded by the Marvin pyrheliometer, although affected 
by the seasonal change in the value of m at noon, and 
the annual variation in the earth’s solar distance, which 
is a maximum in July, shows the effect of a hazy atmos- 
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Figure 1.—Curve 1, maximum noon intensities of solar radiation on a normal surface 
as recorded by the Marvin pyrheliometer; 2, maximum daily amounts of sun and sky 
radiation on a horizontal surface; 3, mean daily amounts of sun and sky jon on 
a horizontal surface under clear skies; 4, mean daily amounts of sun and sky radiation 
on a horizontal surface in calories per square centimeter 


phere in reducing the intensity during the warm season 
of the year. Under cloudless skies the daily averages of 
the total radiation received on a horizontal surface give 
curve 3, Figure 1, which can be considered the normal 
curve of sun and sky radiation at Madison under clear- 
sky conditions. The maximum difference between it and 
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shown the annual march of storminess to have a double 
maximum, the primary one in yo and a secondary in 
October. It is apparent from the time of occurrence of 
maximum storminess, that cloudiness is the principal dis- 
turbing influence on the regular annual march of sun and 
sky pelieton. Comparison with Miller’s curve of nine- 
year means (2) shows that curve 4 has smoothed out con- 
siderably with increase in the length of record. 
Radiation history—Figure 2 is constructed from the 
data partially presented in Table 7. That table gives the 
monthly and annual sums of the sun and sky radiation. 
The departure of these values from the normal is repre- 
sented by the smooth dotted curve in Figure 2 and this 
is the most interesting, yet it is somewhat baffling. Since 
the beginning of the record it shows a quite steady 
decrease. Mention here must be made of the fact that 
the record for the first 16 months, during which period a 
different recorder was in use, is not considered entirely 
reliable and probably is too high. Were that period to be 
disregarded entirely, the steady decline in radiation would 
still appear. The atmospheric transmission coefficients, 
a, have been calculated for the different periods and are 
ven in Table 2. It has been suggested that the increase 
in the smokiness, due to increased population in the city 
and to the replacing of hard coal by bituminous fuels, has 
decreased the transparency. Examination of the data 
in Table 2 fails to reveal anything to verify this assump- 
tion. The mean transparency for the winter months, for 
example, is very nearly 85 per cent for the four periods 
given. Location of the observing station north and west 
of the greatest smoke-producing sections of the city should 
be taken into consideration, as the bulk of the observa- 
tions with the Marvin pyrheliometer, from which the 
transparency is computed, occur on days when the station 
is on the windward side of these smoke-producing centers. 
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FiGURE 2.—History of sun and sky radiation at Madison, Wis., from April, 1911, to March, 1928, including monthy departures in percentages of the mean and annual 
departure, the smooth curve 
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curve 2, which latter gives the maximum daily amounts 
of sun and sky radiation, occurs in July, the time of 
maximum haziness. The greatest irregularity in the 
average daily totals of sun and sky radiation, as shown 
in curve 4, is a result of changes in the cloud cover inci- 
dent to storminess. There is a decided depression in 
spring and more or less irregularity in autumn. In the 
Monthly Weather Review for June, 1920, Miller (2) has 


That fact more or less vitiates as a basis for comparison, 
the transparency factor obtained from the Marvin instru- 
ment. The officials of one of the leading fuel companies 
in the city estimates the use of anthracite fuel to have 
decreased 60 per cent in the last 15 years, while the popu- 
lation has doubled in the same period. Users of hard 
coal have sutstituted coke, fuel oil, gas, and principally 
bituminous fuels, thereby adding materially to the hazi- 
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ness during the cold season. Table 3 offers little light on 
the problem. The mean cloudiness during daylight hours 


_ js presented in percentages and shows clearer skies, on the 


whole, during the latter half of the record. It can not 
however, be reasonably presumed that the increas 

haziness due to increased smokiness can account for the 
entire decrease in radiation unless one concludes it from 
the fact that considerable deficiencies in radiation are 


MONTHLY WEATHER REVIEW 501 


tion, from which curve 4, Figure 1, has been constructed. 
Table 5 gives the radiation values under clear a: condi- 
tions, and has been used to construct curve 3, Figure 1. 
Table 6 gives a summary of the means and extremes of 
radiation since the beginning of the record. 
Acknowledgments.—The writer wishes to acknowledge 
his indebtedness to Doctor Kimball, of the central office, 
for the data from which Table 1 was computed, and to 
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shown by the majority of the winter seasons during the last 
10 years. Another interesting feature of the raph is the 
long-continued deficiency extending from July, 1926, to 
May, 1927, inclusive, during which period the total loss was 
12,591 calories, or more than the total of an average April. 
Winter months receiving low radiation totals have high tem- 

rature means as a rule, while those with high excesses of 
The association 
of clear, cold weather with high radiation values, and thelow 
radiation income with warm, cloudy weather is apparent. 
_ Tables—Table 4 gives the mean hourly and daily 
intensity of the vertical component of sun and sky radia- 


33751—29-—2 


\ 


Mr. E. R. Miller, the official in charge of the Madison, 
Wis., station, for many helpful suggestions. 
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TaBLE 5.—Average hourly and daily intensity of the vertical component of sun and sky radiation at Madison, Wis., under cloudless skies, in 


Madison, Wis. 
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TaBLE 7.—Monthly and annual sums of the 17-year mean of the sun and sky radiation upon a horizontal surface at Madison, Wis., from 


April, 1911, to March, 1928, inclusive, in gram calories per square centimeter 
Febru- Septem- Novem- | Decem- 
Year January ary March April May June July August — October ber ber Year 

11,742 | 15,843 | 16,153| 17,202| 14,072) 10,598) 6,533| 4,554/ 4,217| 100,644 
6, 297 6,953 | 12,006 | 12,663/ 11,948/ 16,891/ 15, 13,380 | 10, 001 7, 982 5, 137 4,024 122 855 
4, 651 7,584 | 10,008| 13,380 | 13,906; 17,704| 17,413| 13,028| 9,820 7,380 | 4,218 3,717 | 122, 818 
3, 196 7, 422 9, 854 12, 213 16, 238 15, 203 17, 417 14, 128 11, 060 7, 070 5, 656 4, 320 123, 767 
4, 988 5,062} 11,883 13,069 | 12,404| 14,605 3,273 | 12, 884 9, 429 7, 934 4, 947 3,519 | 114, 087 
4,117 7,202 | 10,272| 12,727| 15,024| 15,673| 17,872| 14,516 | 10,486 7,793 | 4,881 4, 469 072 
6, 106 8,147] 10,031/ 11,730| 16,002/ 13,630| 16,736 | 14,230| 10,562)  6,400/ 4,319| 4,190] 129 099 
5,982} 7,145] 11,446 ,883 | 14,194 15,681 | 16,187| 13,711 | 10,246 7,026 | 4,395 2,697 | 120, 593 
4, 878 5,926 | 9,739| 10,042/ 14,752| 14,779| 16,014] 15,297 9,970 | 6,298 4,820| 4,342] 116,857 
5, 357 6,616 | 10,175] 11,432/ 16,410; 16,007| 16,219| 13,783| 10,940 7, 701 3, 712 3,266 | 121.618 
4,130} 5,304 8,219 | 11,649| 14,704) 15,671| 16,842| 13,837| 10,880 7, 317 3, 864 3,680 | 116, 286 
5,710 6, 937 8,677| 11,437] 14,380 ,664 | 15,112} 14,0832| 11,039) 8,177 3, 481 3,788 | 118, 434 
4, 025 6,502 | 11,122| 12,712| 16,529| 14,986 ,655 | 12,928) 9,069 7,218} 4,149 3,302 | 118 197 
5, 166 6, O15 8,465 | 11,085| 13,810| 12,952| 15,579] 13,530| 9,501 8, 417 4, 128 3,868 | 112 606 
4, 869 5, 161 9,916 | 12,167| 16,795! 16,920 14,050 | 9,810! 5,823) 4,478 3,649 | 119, 234 
_ 4, 638 5,185 | 9,530} 14,732| 15,497 | 16,722] 14,760| 13,120;  7,940| 6,262| 3,708 3,392 | 115, 486 
4,532] 6,286) 8,816) 10,515| 11,502| 16,362) 16,489| 14,601 9, 131 7, 444 3, 282 3,502 | 112, 552 
4,906} 6,492) 10,047| 12,053; 14,718 | 15,623| 16,117| 13,832} 10,035 7,219| 4,334 3,761 | 119, 137 

DISCUSSION TaBLE 8.— Values (f) of a scale division of the Callendar pyrheliometer 


Note on Figure 2 of Piippo’s paper—The author inti- 
mates in his text that the rather steady decrease in the 
annual totals of radiation, as indicated by the broken 
line in Figure 2, can be accounted for in aoe only by 
increased smokiness of the atmosphere of Madison due 
to an increase in the consumption of bituminous coal as 
a fuel in recent years. Also, while there is, in general, 
accord between average annual cloudiness and the total 
annual radiation from year to year, there is no evidence 
of an increase in cloudiness in recent years as compared 
with — earlier years covered by the pyrheliometric 
record. 

It remains to ascertain if the recording pyrheliometer 
may not have deteriorated during the 17 years it has 
been in use. There are three ways in which we might 
expect deterioration, as follows :— 

(1) The blackened grids might become less black or 
the platinum wires of. the bright grid might tarnish. 
Visual observations do not indicate that this is the case. 

(2) The glass dome covering the grids might become 
less transparent. Visual observations do not show that 
this is the case. However, such observations are quite 
inconclusive. 

(3) A sliding contact on a bridge wire maintains a 
balance in the two arms of the bridge which is a part of 
the register, and if this wire becomes worn its resistance 
increases and less movement is necessary to balance the 
heating of the black grids by radiation of a given in- 
tensity. In consequence there is lessened movement of 
the pen over the intensity scale of the record sheet. 
Since the wire has been kept coated with oil there can 
have been little wear on the wire. 

Nevertheless, there is opportunity for deterioration of 
the apparatus in the manner indicated above, and the 
only practicable way to detect it is to recalibrate the 
pyrheliometer occasionally. 

In Table 8 are given summaries of comparisons be- 
tween the measurements of the intensity of the vertical 
component of direct sunshine by the Callendar and the 
Marvin pyrheliometers. 

The ratios shown indicate that the Callendar register 
now records 3 per cent lower than it did in the years 1913- 
1915, and this will account for about half the decrease in 


in gram calories per minute per square centimeter, as determined by 
comparisons between the Callendar and Marvin pyrheliometers 


Num- Num- Num- 
Solar | ber of Solar | ber of Solar | ber of 
Years alti- | obser-| f alti- |obser-| f alti- | obser-| /f 
tude | va- tude | va- tude | va- 
. tions tions tions 
1913-1915_........ 58.3 15 | 0.0846 | 43.0 16 | 0.0342 | 20.8 14 | 0.0854 
60. 6 10 | .0853 43.6 7| 30.2 5 | .0877 
1917 

1927 

20.1 3 | -0380) 15.9 3] .0423| 143 3 .0502 

22.5 g| -0382| 15.6 .0417| 12.6 1} .0489 
1917 | 

1927 | 

1917 1927 
Weighted mean ratio (all Solar altitudes) 1913-1918’ 1.024 i9i3-1915" 1.032. 


annual radiation receipt during the above period. The 
remaining half I am inclined to attribute to increased 
smokiness, which is not apparent in the atmospheric 


transmission coefficients of 


able 2 for the reason that 


observations with the Marvin pyrheliometer are not made 
on days when the atmosphere contains much smoke. 
The Marvin pyrheliometer at Madison was compared 
with Smithsonian pyrheliometer No. 1 on September 29, 
1928, and the mean of three series, each bad ne a period 
arvin 


of about 30 minutes, gave for the ratio Smit 


hsonian 


value 1.002. Smithsonian No. 1 is frequently compared 
with substandards at the Smithsonian Institution. It 
was last compared on Februa 


28, 1928, and was found 


to be in accord with them within the error of observation. 
This has been the result of all comparisons made since 
May 3, 1920; and since July 12, 1910, the change in the 
ratio between Smithsonian substandards and Smithsonian 
No. 1 has been only 0.7 + 4.34 per cent, No. 1 appeniy 
a amount lower at the present time.—H. H 

imball. 
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COMMERCIAL AIRWAYS WEATHER SERVICE—PRESENT STATUS AND FUTURE 
PROSPECTS 


By Ray Greea 


[U. S. Weather Bureau] 
(Presented at the meeting of the American Meteorological Society in New York City, December 27, 1928) 


INTRODUCTION 


As two and a half years have elapsed since the passage 
of the air commerce act, it is perhaps timely to review 
what has been done in that period to make air commerce 
safe and efficient, and to follow this up with a brief outline 
of what is proposed for the future. : 

It was my privilege to talk on this subject at the 
society’s meeting in Philadelphia in December, 1926. 
Then we had barely started; the service was still in the 
formative stage. Nevertheless the general character of 
that service had been determined and a policy for its 
development had been outlined and adopted. Let us 
recall briefly the principal features of the service as then 
set forth. They are: 

1. Frequent reports showing current conditions, both surface 
and upper air. : 

2. Short-range forecasts giving the outlook for from one to five 
or six hours, the length of this period depending upon the scheduled 
duration of any given flight. 

3. General weather forecasts for the next 12 to 24 hours. 

It is interesting to note that these still remain the 
dominant features of the service, and that their relative 
importance is now, as then, that of the order in which 
they are listed above. Experience has shown, however, 
that the service must be much more intensive than at 
first thought, in order that it may contribute its proper 
share toward safety and efficiency. The organization in 
the past two years has therefore been in the direction of 
expansion to cover new airways and intensification along 
all airways. 


THE AIRWAYS AT THE CLOSE OF 1926 


At the close of 1926 the transcontinental airway was 
the only one on which flights were being made both day 
and night. Not allof it was lighted, but a sufficient 
part was, to make possible the transportation of mail 
from one end to the other without stops other than for 
unloading, loading, and refueli This was the trunk 
line of the system. From this there were extensions or 
branches, for daytime flying only, from New York to 
Boston; Chicago to St. Louis, Dallas, and the Twin 
Cities; Cheyenne to Pueblo; Salt Lake City to Pasco and 
a age and San Francisco to Los Angeles and 
eattie. 


THE AIRWAYS AT THE CLOSE OF 1928 


A map (fig. 1) recently issued by the aeronautics 
branch of the Department of Commerce is illuminating 
as an index of the expansion that has taken place in the 
past two years. In the West there is one principal 
addition, that of the airway between Salt Lake City and 
Great Falls, and in the Middle West the Chicago-Dallas 
airway has extensions to Galveston and Laredo, the 
latter connecting with a Mexican airway to Mexico City. 

But it is in the Lake region and in the Eastern States 
that the largest extension has occurred. There is an 
intricate network in and south of the Great Lakes region. 
Atlanta has now become an important center, with 


through service to Chicago, New York, New Orleans, and 
Miami. From Miami a line goes to Habana, and shortly 
this will be extended to the Canal Zone and to Porto Rico. - 
New York has an outlet to the North through an aver 
that now ends at Montreal and that ties in at Albany wit 
regular service to Syracuse, Buffalo, and Cleveland, where 
it again joins the trunk line; something like 14,000 miles 
in all, with about half the distance equipped for night 
flying, and the plan now is to light some 3,000 miles more 
during the next year. 

In addition there is quite definite talk of two more trans- 
continental airways—one along the northern and the 
other along the southern border, with, of course, numerous 
interconnecting lines, not to mention several offshoots 
into Canada, Mexico, the West Indies, and eventually 
to more distant tramsoceanic countries. As rapidly as 
possible these are to be lighted and provided with suit- 
able intermediate landing fields, radio, and other aids. 


WHAT OF THE WEATHER? 


One of the chief aids is weather service. What has 
been done about it? And what is being planned for the 


future? 


1. Present status.—Since 1926, when the air commerce 
act was passed, service in greater or less detail, depending 
upon the amount of air traffic, has been organized alon 
all of the commercial airways that have been establishe 
or recognized as such by the Department of Commerce. 
This new service is of course an extension of that already 
existing for the general public, which consists of twice- 
daily reports from all parts of the country and forecasts 
based iiieen, these forecasts covering periods of 12 to 
36 hours. 

Although that service was very early found to be of a 
too general character to suit the needs of fliers, it did 
provide the groundwork or parent organization, and as 
such was capable of expansion at comparatively little 
additional cost. One a the first acts in making this 
pis ype was to increase the number of what we may 
call ‘upper stations; that is, those at which observa- 
tions are made of winds at flying levels. In all, there 
are now some 50 such stations, well distributed over the 
country, many of them being located at important points 
on the airways themselves. 

Information regarding upper wind directions and veloci- 
ties, although helpful in enabling the pilot to select the 
most favorable fl level, is not vital in the same degree 
as is similar information concerning conditions at the 
surface. It is this latter information that determines 
whether or not any flight at all can be made. Fog, low- 
lying clouds, excessive rain, sleet or snow, severe thunder- 
storms, and very poor visibility render flying hazardous 
and at times impracticable. Ne ot always will this be so, 
but in the present state of the art it is. Therefore, par- 
ticular attention is given to these conditions, not only at 
the upper air stations but also at numerous places where 
observations are confined to surface weather. In all, 
there are now mig Segre 150 stations, most of them 
on the airways, from which such reports are available 
when needed. The accompanying map (fig. 2) shows 
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the distribution of these stations. It will be noted that 
in addition to the first-order stations, nearly all of which 
are at important airports, there are numerous secondary 
or substations, these being placed at fairly frequent inter- 
vals. Many of these are at intermediate landing fields. 
All are selected with reference to the topographic or 
meteorological conditions which make reports from them 
valuable and in many cases necessary. For example, 
such stations are established in regions where fogs are 
frequent. In one case, two stations are less than 10 
miles apart, one being on a high ridge and the other in 
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Answers to these questions require a fast and depend- 
able system of communications and trained meteorolo- 
ists at the receiving centers. Communications may 
e called the backbone of the service. It is not for the 
meteorologist to say what system is best, but he is sure 
of one thing, namely, that whatever system is adopted 
it must be under absolute control. The solution appears 
to be the joint employment of two or more different 
systems. Just now much attention is being given to 
the typewriter-printer, or “teletype,” for ground com- 
munication. Very likely other and perhaps better means 
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the lowland. Oftentimes, during bad weather, a land- 
ing can be made in one while the other is fogged in. 
_ Therefore, reports from both are essential. The reports 
from these secondary stations are based upon observa- 
tions made by properly instructed though not technically 
trained personnel and with a set of instruments for indi- 
cating only the more important elements. They are 
accurate, but not of the high precision required in the 
general or primary system covering the entire country 
at 8 a. m. and 8 p. 
Before each fligh 
questions: 
(a) What is the weather now at the terminal? 
_€ here be any change during the flight, an 
if so, what kind of a_change? 


m. 
t a pilot wants answers to the following 


Ficure 1.—-Commercial airways in operation at the close of 1928 


will be devised in the future. Final selection will depend 
upon which system is most prompt, most dependable, 
and smoothest in operation. 

The other requirement, that of close contact with the 
ilot, is one that the meteorologist must himself provide. 
he telephone, or any other “distant control” arrange- 

ment, will not answer in this case. Experience is con- 
clusive on this point, to the extent in fact that assign- 
ment of competent personnel at the more important 
airports is now the established policy of the Weather 
Bureau. Here he can see and study the reports “hot 
off the wire,” make his forecasts, and talk the situation 
over with the pilot. f 
The reports themselves contain information regarding 
the general character of the weather, as clear, overcast, 
rain, snow, etc,; ceiling or height of low clouds; visibility; 
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wind direction and velocity; temperature and pressure; 
and when available, upper wind data. They are used 
by the meteorologist not only in giving out information 
concerning current conditions, but also as a basis for 
short-range airways forecasts for the following one to 
five or six hours. The utility of these short-range fore- 
casts is becoming increasingly evident. It is no exagger- 
ation to say that, in the early days of flying, pilots in 
general paid comparatively little attention to forecasts 
unless a very long flight was contemplated. For short 
trips current reports were deemed sufficient. Many 
experiences, however, some of them involving consider- 
able hazard and a few of them resulting in accidents, 
have shown very clearly that a condition reported as 
existing at any given time may and often does change 
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formed and can then, if he so desires, make his trip by 


train or bus. It seems likely that these longer-period 
forecasts will become more and more important as the 
service develops. 

Such in brief is the present status of aeronautical 
meteorology in this country, so far as its practical appli- 
cation in providing current service is concerned. Hand 
in hand with this development progress is being made on 
the statistical side, resulting in the publication of data, 
including wind roses, for hundreds of airports, and landing 
fields. eteorological surveys have been and are being 
conducted locally in and near certain cities with a view 
to determining the most favorable site for an airport. 
Just now, through cooperation with one of the air trans- 
port companies, recording instruments are being carried 
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FIGURE 2.—Weather-reporting stations on commercial airways at the close of 1928 


decidedly in the course of so short a period as an hour 
or so. Accordingly, on nearly all airways, the current 
reports are now supplemented by forecasts of probable 
changes in existing conditions, with particular reference 
to type of weather, ceiling, and visibility. 

- In addition to the current reports and short-range fore- 
easts, the service to civil aeronautics provides forecasts 
covering periods of 12 to 24 or more hours. These are 
the general forecasts, augmented to include upper winds. 
They are of necessity couched in more general terms than 
are the short-period forecasts. In commercial aeronau- 
tics regular schedules must be maintained so far as pos- 
sible. The operator wants to know to-day the likelihood 
of making a scheduled flight to-morrow. Particularly is 
this true in passenger-carrying service. If the probabil- 
ity is that no flight can be made or that there will be con- 
‘siderable delay, the prospective passenger can be so in- 


on air mail trips for the purpose of investigating the con- 
ditions favorable for the formation of ice on aircraft. It 
is hoped that this investigation will result in ee 
sible more accurate forecasting of such conditions. There 
are other researches that are under consideration and still 
others that should be undertaken as rapidly as time and 
facilities permit. 

2. Future prospects —The development of civil flying 
has been so spectacular and on so large a scale that it is 
difficult to predict to what lengths it will ultimately 
proceed. But whatever those may be, certain it is that 
aids to make it safe and efficient must keep pace with 
it—must so far as possible be ready for it before the need 
arises. 

During the year now closing two interesting and sig- 
nificant experimental weather and communication services 
have been inaugurated—one between San Francisco and 
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Los Angeles, organized by the Daniel Guggenheim Fund 
for the Promotion of Aeronautics and now operated by 
the Weather Bureau; the other between Hadley Airport 
and Cleveland, organized and operated by the Weather 
Bureau and the Department of Commerce. These two 
services have many features in common. Both have as 
their basis of requirement the experience of the past two 
years which has shown that frequent, regular reports 
from a close network of stations both on and off the air- 
ways are a necessity for safe, and particularly for effi- 
cient, operation of airways. From this experience, 
augmented by the lessons learned in the past few months 
from the experimental services, there has crystallized a 
plan of organization toward which it is proposed to work 
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found that these intermittent reports do not meet the 
need satisfactorily, and that the absence of reports from 
points off the airways frequently results in unfavorable 
weather approaching them from one side or the other 
with no advance warning. The —— from the second- 
ary nets at 3-hour intervals would enable the meteor- 
ologists at airports to follow the development and move- 
ment of disturbances approaching the airways from 
either side and to caution the pilots regarding them. 
The primary purpose of this 3-hour system of reports is 
thus seen to ~ to make possible the preparation and 
issuance of short-range airways forecasts. 

(c) Still further supplementing the 12 or 6 hour re- 
ports there would be hourly reports of weather and 


\ 4 
g Se \ a 
\ 
\ 


‘ 
\ 
‘ 
| 
REGULAR WEATHER BUREAU STATIONS ori © 
ADDITIONAL SPECIAL STATIONS 
~ 


FIGURE 3.—Proposed system of three-hourly reports from off-airway stations (“‘secondary nets’’) 


as rapidly as the needs require and facilities permit. 
The main features of this plan may be briefly outlined. 

(a) As the fundamental feature there is of course the 
(extending beyond this country, in fact) 
twice-daily system of weather reports, on which are 
based the weather maps, bulletins, and general fore- 
casts. It is hoped that, in the not distant future, the 
effectiveness of this system will be very greatly increased 
by having these reports made four times instead of twice 
ae as at present: 

(b) Supp wpe tard reports at 3-hour intervals from 
comparatively small areas or secondary nets, each area 
or net covering a section of an airway. These 3-hour 
reports would of course synchronize with those at 12 or 
6 hour intervals. At present the airways service, with 
some exceptions, gives only occasional reports (timed to 
fit all scheduled flights) from points on the airways 
themselves, With the increase of air traffic it has been 


landing conditions from numerous points on the airways 
themselves. These reports would be broadcast to planes 
in the air. Unfortunately there are and will always be, 
at least for a long time to come, many occasions when 


the weather outlook is decidedly uncertain even to the 


best trained meteorologist. This is where the value of a 
ground-to-plane communications system is shown. The 
pilot starts out perhaps with good weather yenincrn f 
and expected, but a fog suddenly develops at his terminal. 
A radio message sefle han so and instructs him either to 
turn back or to land at some field nearest his terminal 
where conditions are still good. 

(d) The need of a prompt and dependable system of 
communications for collecting the reports at important 
centers has already been stressed. Commercial tele- 
graph will probably continue to furnish adequate service 
or the primary network, or the 12-hour reports and 
later the 6-hour reports, For the secondary nets of 
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3-hour reports from small areas the telegraph will answer 
in many cases. In others it seems likely that the tele- 

hone will have to be used. But for the hourly reports 
Coen stations on the airways there must be a com- 
munications system that is not subject to use by outside 
parties; in other words, a leased wire, either telegraph, 
telephone, or teletype, with all intermediate reporting 
points tied in with the main or control stations. 

Let us consider briefly what this proposed plan for 
meeting the needs of airways entails in the way of new 
service. There is already in existence the primary net- 
work of stations for the 12 or 6 hour reports. And, as 
earlier indicated, the airways themselves are quite well 
provided with intermediate stations for the hourly 
reports. 

t appears that the principal expansion will be required 
in connection with the 3-hour reports from points off 
the airways. Attention is called to the accompanying 
map (fig. 3) on which are indicated the points from or 
near which it is believed that 3-hour reports should be 
available for service on the airways that are now equipped 
for night as well as day flying. Symbols on the map 
show points at which there are now Weather Bureau 
stations. Additional personnel would of course be re- 
quired at these stations. In the case of the other places 
it would be necessary to appoint special observers. 

It will be noted that the points selected are on the 
average about 100 miles apart in lines more or less 
parallel to the airways and at a distance from them of 
about 100 to 200 miles. Many of the stations would 
serve two or more airways that have a common terminal. 
Thus, the number of stations required is not in strict 
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ratio to the total mileage. In the pepeens set-up 116 
stations would serve 7,700 miles of airways, although 
the average distance between the stations is approxi- 


~ mately 100 miles. 


The proposed extension will cost considerable money. 
But so does a passenger plane. So does the operation 
of a lighting system for night flying. So do airports. 
The prevention of the crash of one plane filled with 
passengers, or the increase in efficiency; that is, the 
increase in arrivals on schedule, by 2 or 3 per cent, 
would more than justify the cost, which after all would 
be but an infinitesimal fraction of the total amount 
involved in commercial aeronautics. 

One of the important by-products of intensive service 
such as that proposed would be its application to all other 
lines of industrial and commercial activity. People have 
poten along with forecasts expressed in general terms, 
or 12 to 36 hours in advance, because there was nothing 
else available. These must be continued, of course, as 
they serve many purposes. But of much greater utility 
would be forecasts for short periods in advance couched 
in terms that would naturally be much more definite and 
precise than are those we now have. Thus anyone ask- 
ing at 1 p. m. what the weather will be at 3 p. m. would 
be given a forecast based on reports recently received 
instead of those in the early morning. As the airways 
are extended to include all parts of the country, these 
secondary nets of reporting stations would provide data 
for relatively precise, short-period forecasts that would 
vastly increase the utility of weather service not only for 
the operation of airways but also for all fields of human 
endeavor. 


THE WEATHER OF 1928 IN THE UNITED STATES 


By Aurrep J. Henry 


The year 1928 has passed into history with a favorable 
record so far as the average distribution of temperature 
and precipitation, the two elements upon which success or 
failure in crop production greatly depend, are concerned. 

Chart 1 shows that the mean annual temperature for 
the greater part of the country was above the normal, 
especially in the Plains States from the Dakotas to the 
Gulf of Mexico. 

The numerical values in the form of district average 
departure from the normal for both temperature and 
precipitation are given in Tables 1 and 2. 

Chart 2 shows that for the United States as a single 
geographic unit precipitation was close to the normal, 
some districts, the East Gulf States, the Atlantic sea- 
board south of New England, the States of Kansas, 
Missouri, Iowa, Oklahoma, and parts of the surrounding 
area received greater than the normal rainfall. 


Large areas in the Ohio Valley, the West Gulf States, 
the plateau region west of the Rockies, and the Pacific 
Coast States received less than the normal. 

The weather of the year was conditioned upon the 
frequency and intensity of extra tropical cyclones and 
anticyclones which traversed continental United States. 
The excessive precipitation along the Atlantic seaboard 
was due to the passage of two tropical cyclones in very 
nearly the same path. One of these caused great 
destruction of property and large loss of life in Florida. 
The number of these barometric formations is given in 
Table 3. 

One hundred and sixty-one tornadoes, great and small, 
were reported during the year. The Rockford, IIl., 
tornado of September 14 caused a loss of life of 14 and 
the injury of 100 persons, this being the greatest 
casualties in any single storm. 
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NOTES, ABSTRACTS, AND REVIEWS 


CLASSIFICATION OF MONTHLY CHARTS OF PRESSURE 
ANOMALY OVER THE NORTHERN HEMISPHERE ! 


By C. E. P. Brooks, M. Sc., and WINNIFRED QuINNELL 


For a long time I have had a very lively interest in the 
study of weather abnormalities in various parts of the 
world, not only by reason of the importance of such a 
study of weather phenomena, but also because eventually 
such studies may form the approach to the solution of 
the larger problem of seasonal weather forecasting. If, 
and when, weather abnormalities can be forecast the 

roblem of seasonal forecasts will easily follow. I there- 
ore, welcome the memoir here abstracted. The authors 
selected the period 1873 to 1900 and 114 stations, mostly 
in the Northern Hemisphere, as the groundwork for 
their study. They have used departures from normal 
pressure rather than charts of monthly isobars.—Ed. 


The 336 charts for the years 1873 to 1900 were divided 


into two groups, according to whether pressure at Thor- 
shavn was above or below the normal for the month. 
When the pressure at that station in any month was very 
nearly normal the chart for that month was allocated 
to the positive group if the oceanic region between Ice- 
land and the British Isles was dominated by a positive 
anomaly of pressure (center of excess) and to the nega- 
tive group if it was dominated by a negative anomaly 
(center of deficit). 

These two groups were next divided into five types 
according to the position of the center of the anomaly 
as shown in the scheme below: 


Group I. Pressure at THOR- 
SHAVN ABOVE NORMAL 


Grovp II. Pressure at THor- 
SHAVN BeLtow NorMAL 


IA. Center of excess over or 
near Scandinavia. 

IB. Belt of excess from Brit- 
ish Isles across Europe. 

IC. Center of excess over 
British Isles. 

ID. Center of excess over 
Iceland or southern Greenland. 

IE. Pressure above normal 
over the Arctic generally; belt of 
deficit across. the Atlantic and 
southern Europe in 40-50 N. 


IIA. Center of deficit over or 
near Scandinavia. 

IIB. Belt of deficit from Brit- 
ish Isles across Europe. 

IIC. Center of deficit over 
British Isles. 

IID. Center of deficit over 
Iceland or southern Greenland. 

IIE. Pressure below normal 
over the Arctic generally; belt 
of excess across the Atlantic and 
Mediterranean in about 40 N. 


The sequence of types in successive months which, 


parenthetically is the most im 


rtant part of the dis- 


cussion, is given in Table 4, and this table also gives in 
italics the frequency which would be expected if the 
distribution were due purely to chance, the actual 
occurrences being in roman. The are further 
divided into seasons, winter, October to March, and 
summer, April to September. The authors comment on 
these figures as follows: 


A comparison of the roman and italic figures shows very little 
indication of any ordered sequence. There is a slight tendency 
for the persistence of types from one month to the next, the same 
type occurring in two successive months in 44 cases in winter and 
41 in summer, compared with an expectancy of 35 and 36, respec- 
tively; type IC (center of excess over British Isles) is especially 
persistent in winter. Type ID in summer tends to be followed by 
either ID or IC. supe C (center of deficit over British Isles) in 
winter tends to be followed by Group I (pressure above normal at 
Thorshavn), this sequence occurring on 25 occasions out of 31. 


The tendency of certain weather types to persist as 
mentioned in the above paragraph is in all probability a 
world-wide phenomenon and is more highly developed in 
high than in low latitudes. The British Isles and Scandi- 


navia are examples of a maximum development of this 
tendency. In the United States a single type of cyclonic 
movement occasionally dominates the weather for a 
period as long as two months in the cold season. Marked 
abnormalities in temperature in the same sense may be 
experienced over a period as long as three to four months. 

he 10 types as above outlined were next divided into 
a number of subtypes. This process was initially 
empirical, the charts of each type being sorted and 
arranged until a number of sets were obtained, the 
members of each set being characterized by a certain 
family likeness. When this was done each set was 
examined to find points in common that could be used 
as a basis of classification, and the final allocation was 
made on the basis of classification thus obtained. 

The number of charts that was allocated to each sub- 
type naturally varied somewhat. Types IID, ID, and 
IC occur most frequently, these types accounting for 
half of the months. 

Subtype IID, as already shown, consists of a center of 
pressure deficit over Iceland or south Greenland, and 
subtype ID the reverse, that is, a center of pressure 
excess instead of deficit; subtype IC has the excess of 
pressure anomaly over the British Isles. 

The authors remark: ‘‘In view of the great variability 
of pressure in the Icelandic region, the frequency of 
subtypes IID and ID deficit or excess of pressure centered 
near Iceland is to be expected, the frequency of subtype 
IC (excess centered over British Isles) is more surprising.” 

The type of pressure anomaly for each month of the 
period 1873 to 1918 is given in tabular form with the 
months of uncertain classification given in parentheses 
and the months with an anomaly exceeding 10 millibars 
in bold faced type. Concerning the latter it is rather 
surprising to find that the ar ga anomaly is greater 
than 10 millibars in the Icelandic region 77 per cent of 
the time in February, 65 in January, 63 in March, and 
56 in December. 

The memoir contains a series of 36 greatl 
Northern Hemisphere charts showing typic 
pressure anomalies. 

The impression that one gets from these charts is that 
the large fluctuations of pressure are confined, in the 
main, to high latitudes and that there is need of much 
more data both from continental and oceanic areas before 
the delimitation of regions of pressure abnormalities can 
be accurately fixed. —A. J. H. 
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SHORT-WAVE ECHOES AND THE AURORA BOREALIS! 
By Cart 


On February 29 of this year I received a letter from 
Engineer Jgérgen Hals, Bygd¢, Oslo, in which he says: 


I herewith have the honor to advise you that at the end of the 
summer 1927, I repeatedly heard signals-from the Dutch short- 
wave transmitter station PCJJ (Eindhoven). At the same time 
as I heard the telegraph signals I also heard echoes. I heard the 
usual echo, which goes round the earth with an interval of about 
one-seventh second, as well as a weaker echo about 3 seconds 
after the principal signal had gone. When the principal signa! 
was especially strong, I suppose that the amplitude for the last 
echo 3 seconds after, lay between one-tenth and one-twentieth of 
the principal signal in strength. From where this echo comes I 
can not say for the present. I will only herewith confirm that I 
really heard this echo. 


1 Meteorological Office, Geophysical Memoirs No. 31 (first number of Volume IV), 


1 Reprinted from Nature, London, November 3, 1928, p. 681. 
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Immediately I heard of this remarkable observation, 
it struck me that the wireless waves were reflected from 
those streams and surfaces of electrons to which I was 
led by theoretical investigations on the aurora borealis 
in my paper published in 1904 in Videnskabsselskabets 
Skrifter, Christiania (“Sur le mouvement d’un point 
matériel portant une charge d’électricité sous l’action 
d’un aimant élémentaire”’). In reference to that paper, 
and the subsequent more complete one in Archives des 
Sciences physiques et naturelles, Geneva, 1907, one of the 
most striking features of the theory was that streams oi 
electrons coming from without toward the earth were 
deviated by the earth’s magnetic field in such a way that 
an immense space was formed free from electric particles, 
and having the shape of a torus described by revolution 
of an oval tangent to the magnetic axis of the earth at the 
center. These restlts were also in full agreement with 
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Typical pressure condition favorable for snow squalls over Michigan «+ 


Kr. Birkeland’s remarkable experiments with cathode 
rays directed toward a magnetic sphere, described in 1901 
in Videnskabsselskabets Skrifter (“Expedition norvégienne 
de 1899-1900 pour l’étude des aurores boréales”’). Ii 
now the wireless signals could penetrate the Heaviside 
layer, they would pass into this empty space, and might 
be reflected by the walls of the electrons forming its 
outer boundary. The long time interval between the 
principal signal and the echo agrees well with the immense 
dimensions of these toroidal spaces. 

It was now very interesting to me to obtain more 
evidence of these remarkable echoes, and last spring 
and summer I organized a long series of observations, 
for which I am very much indebted to Dr. van der Pol, 
at Philips Radio, Eindhoven, for his very efficient work 
in sending signals, and further to Elektrisk Bureau, Oslo, 
te the Norwegian Telegraph Administration, and to 
Engineer Hals, for aid in arranging the reception of the 
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signals. The observations were continued during October 
but no certain evidence was obtained before October 11. 
Eindhoven emitted during the afternoon very strong 
signals of undamped waves of wave-length 31.4 meters, 
and Hals and I heard very distinct. echoes several times, 
the interval between signal and echo varying between 3 
and 15 seconds, most of them coming about 8 seconds 
after the principal signal. Sometimes two echoes were 
heard with an interval of about 4 seconds. I immedi- 
ately telegraphed the success to Dr. van der Pol at 
Eindhoven, and asked him to control and verify the 
effect. Next day I received the following telegram: 

Last night special emission gave echoes here varying between 
3 and 15 seconds stop 50 per cent of echoes heard after 8 seconds 
stop van der Pol. 

After this it seems that we have here a new and re- 
markable phenomenon, the study of which may throw 
much new light on the electric currents in space outside 
on their connection with the aurora borealis 
and magnetic storms. The variability of the phenom- 
enon indicated by the observations agrees well with the 
corresponding variability of aurora and the magnetic 
registrations. 

Snow squalls of the Lake region (by R. M. Dole, Weather 
Bureau, Lansing, Mich.)—Cold air flowing over warm 
water creates clouds, and as a result the land to the lee- 
ward of the wind is cloudy as long as the contrast in 
temperature is marked. Michigan, for instance, is cov- 
ered with a cloud sheet from November to May, and the 
sunshine is markedly deficient during these months. 

In spring and fall and often in winter snow squalls 
occur when high pressure brings in cold air, which blows 
over the warm lake waters. The difference in tempera- 
ture must be somewhat marked, and there must be a 
rather steep barometric gradient. This often occurs 
when a low pressure system with circular isobars crosses 
the Great Lakes, and when the barometric lines run north- 
south or even northwest-southeast. The cold air crossing 
the warm Lake Michigan builds up enormous clouds, 
which are very similar to thunderstorms in appearance 
and sometimes are electrical. The tops rise to a consider- 
able height with false cirrus and blue-black curtain clouds, 
out of which drifts snow, and if it is cold enough this 


‘snow reaches the surface in the form of snow squalls. 


These snow squalls are quite the regular thing in the 
spring, fall, and often in the winter. 

The snow squall condition is of the utmost importance 
to flying, because the visibility is very low—often only 
10 feet—and the wind is strong and often dangerous. 
The squalls are of short duration and after passing, the 
sun comes out for a few moments until the next squall 
arrives. The pilot, of course, with any weather sense 
can readily see these squalls coming 15 miles away be- 
cause of their great heads and silver crests, but it is 
practically impossible to dodge them; the pilot can onl 
dodge the strong squally portion by flying to the left 
of the curtain cloud. 

The snow squall condition obtains after the storm 
proper is just east of Lake Michigan and often when the 
storm has passed down the St. Lawrence Valley. The 
conditions which are ripe for squalls are a marked con- 
trast in temperature and the lines running nearly north- 
south, so that the wind is anywhere between west-north- 
west to north-northeast. Very often the sky is clear 
at sunrise but by 9 to 11 a. m. cumulus clouds are noted 
on the northern horizon, and under the influence of a 
strong sun in a clear sky they build up enormously. 
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The influence of the sun is necessary, and the squalls 
disappear as soon as the sun has set as arule. Squalls do 
not obtain when a uniform sheet of stratus covers the sky. 

The charts given show typical instances when snow 
squalls were general over Michigan, and a marked sim- 
ilarity will be noticed in the trend of the isobaric lines, 
and squalls will occur whenever there is a similar dis- 
tribution of pressure with lines running north-south. 
In looking over the old records of Michigan weather these 
squalls were noted all through the history of past condi- 
tions, and in many instances the winds were termed 
dangerotisly strong and the snow as very thick. 

Not only sed ths rather round low pressure area with 
lines running roughly north-south produce snow squalls 
in the fall, winter and spring, but it causes clearing 
weather to be delayed from 12 hours to several days after 
the pressure has begun to rise. Precipitation, either as 
a steady fall or in the form of sun showers, is the usual 
thing, and it is most exasperating to forecasters as well 
as to the ee Rising pressure which would be certain 
fair weather ang wre away from the water is just the 
opposite in the Lake Region. 
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The anticyclones of December, 1928.—Two of the anti- 
cyclones of this month call for special note, the first was 
centered over the Lander (Wyo.) station, from the 4th 
to the 10th, both inclusive. It was doubtless formed 
originally by a flow of polar airon the 3d and4th. There- 
after it was maintained largely by intense terrestrial 
radiation and the drainage of cold air into the depression 
in which the Lander station is situated. Two secondary 
anticyclones were discharged from this anticyclone, the 
first on the 5th, and this one was doubtless a result of 
the eastward flow of a part of the original mass of polar 
air. The second one was pinched off on the 7th when a 
ridge of cold air over western Nebraska and Kansas 
became separated from the original mass. 

The Great Basin anticylone discharged but a single 
secondary; the latter took a course to the southeastward 
over New Mexico and moved thence to the Atlantic. 
Pressure in all of the secondaries diminished as they 
crossed the Mississippi Valley and again increased where 
they crossed the Appalachians, although in no case 
could Pax oy considered as being composed of polar 
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RECENT ADDITIONS 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


, Anders. 

Recording solar radiation. A study of the radiation climate 
of the surroundings of Stockholm. Stockholm. 1928. 36 
p. illus. plates. 3114 cm. 

Barros Paiva, Tancredo de. 

Bibliographia do clima Brasilico. Notas recolhidas. Rio de 

Janeiro. 1928. 34p. 241% cm. 
Ecuador. Oficina de informacion y propaganda. 

El departamento de agricultura del Ecuador. Quito. 1928. 
unp. illus. 29 em. [No pagination. Contains article: 
Servicio nacional de meteorologia agricola.] 

Ficker, H. v. 

Meteorologie. 170 p. illus. 24 cm. (Sonderdr.: Miiller- 
Pouillet, Lehrbuch der Physik, Bd. 5,1. 11 Aufl.) 

Great Britain. [Ministry of health.] . 

Report of a committee appointed at a conference of public 
authorities to consider the question of floods from the River 
Thames in the county of London. London. 1928. 27 p. 
241% cm. 

Hunter, John. 

Belper, Derbyshire. Summary of observations of rainfall 
temperature during the 50 years 1877-1926. n.p. n.d. 
13 p. 35 cm. 

Kalitin, N. N. 

Solar radiation during the solar eclipse of June 29, 1927, accord- 
ing to the observations made at Malmberget (Sweden). 
p. 113-128. illus. 26cm. [Author, title, and text in Rus- 
sian, summary in English.] ; 

McAdie, Alexander. 

Hazard of lightning in aviation. unp. illus. 3044 cm. 
(Bull. Daniel tr rar ey fund for promotion of aeronau- 
tics, inc. no. 10, Sept. 26, 1928. New York.) 


Morandi, Luis. 

La temperatura y la lluvia en el perfodo 1924-1927. Observa- 
ciones de la estacién meteorolégica anexa a la cdtedra de 
meteorologia. p. 141-170. figs. 2444 cm. [Revista de la 
fac. de agron. no. 1. Agosto 1928. Montevideo.] 

Morris, Clyde T. 

Practical design of wind bracing. New York. n.d. 12 p. 

illus. 28 cm. 
Murphy, E. W. M. 
Rainfall of Ireland. Clonmel. 1926. 11 p. 20% cm. 
(Irish rainfall assoc.) 
Sampaio Ferraz, J. de. 
A previsio de tempo a longo prazo. Methodo racional. 
orrelagées. Periodicidades. otas sobre formulas re- 
centes para a previsio das seccas do Ceara, e das chuvas da 
bacia do Prata, interessando o Estado de 8. Paulo. Rio de 
Janeiro. 1928. 19p. 2344 cm. 

A previsio do tempo baseada em observagées locaes (indica- 
cdes aceitaveis e abusédes condemnaveis). Rio de Janeiro. 
1928. 25p. 23% cm. 

Sarasola, Simé6n. 

Los huracanes en las Antillas . . . Segunda edicién, aumen- 
tada con el apéndice Génesis y evolucién del huracdn de 20 
de Octubre de 1926 y catdlogo de ciclones en la Isla de Cuba 
de 1865 a 1926, por M. Gutiérrez Lanza. Madrid. 1928. 
xv, 254 p. illus. 26 cm. 

Sasaki, T., & others. 

On the effect of temperature changes upon an altimeter. p. 
461-496. figs. 2644 cm. (Report of the Aeron. res. inst., 
TéRy6d imp. univ., no. 41. Sept., 1928. v. 3, 2.) 


Protection forests of the Mississippi River watershed and their 
part in flood prevention. Washington. 1928. 50p. figs. 

plate. 23cm. (U.S. Dept. agric., circ. no. 37.) 
Wittenburg, P. j 
Problémes géophysiques de la Iakoutie . . . Leningrad. 
1928. ix,258p. illus. plates (fold.) 23cm. (Acad. des sci. 
de l'Union des Rép. Soviet. soc. Matériaux de la comm. pour 
l’étude de la Rep. autonome Sov. soc. Iakoute. Liv. 2.) 
{In Russian, with English table of contents and abstracts. | 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
DECEMBER, 1928 


By Hersert H. Krwsant, Solar Radiation Investigations 


For a description of instruments and sures and an 
account of the method of obtaining prs reducing the 
measurements, the reader is referred to the Review for 
January, 1924, 52:42; January, 1925, 53:29, and July, 
1925, 53:318. 

Table 1 shows that solar radiation intensities averaged 
slightly below normal values for December at Wash- 
ington, D. C., and Lincoln, Nebr. At Madison, Wis., but 
few measurements were made. 

Table 2 shows that the total solar radiation received on 
a horizontal surface directly from the sun and diffusely 
from the sky was below the December normal at the three 
stations for which normals have been determined. For 
the year the total received was slightly below the annual 
average for the respective stations. 

Skylight polarization measurements, made at Wash- 
ington on three days, give a mean of 56 per cent, with a 
maximum of 60 per cent on the 11th. These are slightly 
below the corresponding average values for Washington 
in December. At Madison no measurements were 
obtained during the month, as most of the time the 
ground was covered with snow. 


Tas_eE 1.—Solar radiation intensities during December, 1928 
{Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 

{8 a.m.| 78. 7° 78. 7° |70.7° 60. 0° | | 60. 0° | 70. 7° | 75. 7° | 78. 7° | Noon 
Date 75th Air mass Local 
mer. 

time A. M. P. M. 
e 6.0 | 40/30 20 40] 50 e. 
mm.| cal. | cal. | cal. | cal. | cal. | cal. cal, | cal. | mm. 
1.07 0. 90 -| 627 
0.98 1.26 4.17 
0.57, 0.70; 0.90) 1.04) 0.91) 0.84) 1.65 
Dee. 10...-...-. 1.96} 0.73) 0.82} 0.95) 2. 26 
3.15} 0.84) 0.98) 1.12) 1.12) 0.97; 0.83) 2.06 
4. 57 0. 36 0.49} 0. 5.16 
. | 1,18} 1.00)...-.. 2.74 
1.10) 0.96) 1.12 
Departares —0, 06 —0, 06 —0, 08) —0, +0, 01\+-0, 01)+-0, 

Madison, Wis. : 
1.68 
2.16 
1.37 
3.81 
3.99 
3.15 
3.15 
3.15 


TaBLE 2.—Solar and sky radiation received on a horizontal surface 
{Gram-calories per square centimeter of horizontal surface] 


Average daily radiation de 
Week beginning 
Wash- | Madi-| Lin- | Chi- | New || Wash-| Madi-| Lin- 
ington | son coln | cago | York |/ington| son coln 
1928 cal, cal, cal, cal. cal, cal, cal, cal. 
190 136 210 95 77 +45 +12 +37 
10. 122 49 95 —18 —44 —2 
136 116 152 80 94 —6 —13 
120 109 182 79 94 —23 —20 
Deficiency at end of year... ........... —1,740 | —906 | —2, 260 
1 8-day period. 


POSITIONS AND AREAS OF SUN SPOTS 


[Communicated by Capt. C. 8. Freeman, Superintendent U. 8. Naval Observatory. 
Data furnished by Naval Observatory, in cooperation with Harvard, Yerkes, and 
Mount Wilson Observatories. The differences of longitude are measured from 
central meridian, positive west. The north latitudes are plus. Areas are corrected 
for foreshortening and are mee in millionths of sun’s visible hemisphere. The 


total area, including spots and groups, is given for each day in the last column] 
H 
eliographic Area Total 
standard ba 
civil | pitt. | Longi-| Lati- § 
time | jong. | tude | tude | 5Pot | Group; Gay 
1928 h. m. 
Dec. 1 (Mount Wilson)..| 11 00| —68.0} 250.6 | +11.0 
—17.0} 301.6) +9.0 4 648 
Dec. 2 (Naval Observa- 11 42 | —47.5 257.6 | —16.5 
tory). —39.5 | 265.6} +9.0 
—2.0} 303.1) +8.0|........ 
—1.0| 304.1 | 422.0 j........ 
+0.5 | 305.6) —2.5 685 
Dec. 3 (Naval Observa- ll 41 +35.0| 256.9 | —16.5 
—7.5 | 284.4) +10.0 
+11.0| 302.9; +80 
+13.0 | 304.9 | 46 956 
Dec. 4 (Naval Observa- 11 41 | —42.5| 286.38 | —11.5 
tory). —21.5 257.3 | —17.5 
—12.0| 266.8 
27.5) 306.3 | +21.0 |........ 46 1, 125 
Dec. 5 (Naval Observa- 11 45 | —28.5 287.1 | —11.5 
tory). —8.5 | 257.1 | —17.5 
+0.5 | 266.1; +8.0 
+40.0 | 305.6 | +21.0 j.....-.. 31 1, 450 
Dec. 6 (Naval Observa- 11 49} —79.0; 173.3 | —11.5 
tory). —15.5 | 236.8 | —11.5 
—7.0| 245.3 | +11.5 
+4.0| 256.3 | —17.5 
+14.5| 266.8) +8.0 988 1, 542 
Dec. 7 (Mount Wilson)..| 14 00 | —67.0| 171.0) —9.0 
—63.0| 175.0! +20.0 
—2.0} 236.0) —10.0 |........ 
+30.0 | 268.0) +8.0 }........ 530 974 
Dec. 8 (Naval Observa- 9 57 | —52.5) 174.5) —115 
tory). +10.0 | 287.0) —11.5 
+29.5 | 256.5 | —17.5 BOD 
+40.0} 267.0) +8.0 |........ 848 1, 342 
Dec. 9 (Naval Observa- 12 2 | —78.0} 134.5 +14.0 
tory). —39.5 | 173.0} —11.0 |........ 
—22.5 | 190.0 | +15.0 
+24.0 | 236.5 | —11.5 
+42.5 | 255.0 | —17.0 
+56.0) 268.5) +7.5 |........ 910 1, 650 
Dee. 10 (Naval Observa- 11 52) —88.0] 111.6 | +145 
tory). —65.5 | 134.1 | 
—20.0.| 170.6} —17.0) 12 |......../.....--- 
—27.0| 172.6 | —11.0 |....-... 154 |....---- 
175.6 | +18.6 |....-...| 62 |....---- 
—23.5 176.1 | +12.0 
+37.5 | 287.1 | —11.6 370 |.....--- 
255.6 | —17.0 139 
70.5 | 270.1| +7.5 1,173 | 2,141 
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1,00) 107) 1.21) L120} 1,00} 0,92)...... 
— 1 Extrapolated. 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 
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AEROLOGICAL OBSERVATIONS 
By L. T. 
iE A striking example of a marked increase in free-air tem- nent. Resultant velocities were close to normal at 
g peratures while winds remained northwesterly through- practically all stations and levels. 
a out the period was revealed by the morning kite records 
4 of Ellendale on December 4 and 5. During this 24-hour Taste 1.—Free-air temperatures, relative humidities, and vapor 
interval the temperature rose 9° C. at 1,000 meters, pressures during December, 1928 
: 12*-@: at 2,000 meters, and 11° C. at 3,000 meters. In TEMPERATURE (° C.) 
: explanation thereof it may be stated that the air arriving 
over Ellendale on the 4th was apparently coming directly Broken Ax-'|, Dog West, |. Rllendale, | Grysbeck, | Royal Cen 
from a high-pressure area centered over Montana, (233 meters) | (217 meters) | (444 meters) | (141 meters) | (225 meters) 
whereas that on the 5th came from the rear of a secondary ajieiiite 
low forming on the rear of a primary depression centered De- De- De- De- De- 
over Ontario. Twenty-four hours later, on the 6th 
Mean! | Mean, | Mean| | Mean} | Mean| ture 
this secondary remained practically unchanged and from | fren from 
:* free-air temperatures at Ellendale continued relatively mal mal mal mal mal 
high. 
An unusually deep layer of saturated air occurred Meters 
over Due West on the morning of the 17th. With fog 108) $$) $3) 
at the surface the kite record showed a practically eel 
saturated condition up to an altitude of 2,170 meters, 39) 431) -02/ -16| +20 
where an abrupt surface of discontinuity occurred and $8) $8) 238) 
the temperature rose 6° C. within the next 120 meters, —2,000--------- LO) 85) 
while the relative humidity dropped from 100 to 16 per +01) -31| -30|-104) 41.8) -07 | 406 
—5.5 | —0.3:| —6. —3.6 |—13. 19 —1.4) —0.8 |—10.4 | +12 
cent. The average lapse rate throughout this saturated —8.8| —9.7 | —44|-16.0| 41.7) -44| -11|-13.2| +15 
air column was 0.74° C. per 100 meters. This condition —13.4 | —4.9 |-17.6 | +26) —6.4 |) -0.7 
occurred in the front of a long trough of low pressure. 
Table 1 shows some striking contrasts in the free-air ER bik: 2a! 
Royal Center, the two northernmost stations, these de- 250) -3| —4 
especially in the lower levels. At Due West and Groes- 
beck the temperatures were practically all below normal -1| 37| 42 
with the greatest departures occurring in the upper | cal gel 
Free-air relative humidities were below normal at 400000") -8| 35) -8) 35| -17| -12 “| x13 
2 instance being at Due West, where the ‘negative de- VAPOR PRESSURE (ab) 
i partures were appreciable notwithstanding the large 
free-air temperature deficiency at this station. In view surface... 5.82 |-0.45| 7.25 |-1.21| 3.13 |40.45| 8.42/-1.01| 5.32 |-+0.69 
; it 5.79 |—-0.43 | 7.11 }—1. 25 8.03 |—1.05 | 5.27 . 70 
of this abnormal relationship it is not to find | 
a deficiency in the total precipitation for the month, viz, | | 263 615 |-1.47 | 4.87 
1.20 inches, which is the lowest of record for December $0.10} 4.61 |-1.54| 236 |40.04| 4.60 |-1.43| 3.55 |+0.55 
Resultant winds (Table 2) for the month conform in —0.38 2.17 1.49 —0.09| 1.90 |-1.26| 210 |4+0.14 
eneral with the temperature departures, particularly at 
ue West, where a pronounced northerly component 
predominated instead of the normal southerly compo- =| 
5 TABLE 2.—Free-air resultant winds (m. p. 8.) during December, 1928 
+ | | | 
. | Broken Arrow, Okla. | Due West, 8S. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. Washington, D. C. 
(233 meters) (217 meters) | _ (444 meters) (141 meters) (225 meters) (34 meters) 
antete Mean Normal Mean Normal Mean Normal Mean Normal Mean Normal Mean Normal 
m.s. 1. 
4 Ve} Ve- | Ve- | Ve-| Ve- Ve- Ve- Ve- Ve- Ve- Ve- 
q Direc- _| Direc- || Direc- Direc- | Direc- |,.-| Direc- Direc- Direc- Direc- Direc- Direc- Direc- 
tion tion ng tion tion | tion tee tion nog tion tion tion tion tion tion 
8.41 0.9) 8.63 W.) 1.1)| N. 66 W.| 0.6) 8.73 1.0)) N.68 W.) 3.5) N.54 W.| 3.4 Ww. N. 68 8.34 W.| 2.4) 8.54 2.4))N.51 1.1) N.44 1.4 
8.50 W. 1. 0) 8.55 W.| 1. 2)| N. 52 0.6) 8.68 8.83 2.5] 8.85 1. 2!) 8.32 W.} 2.7] 8.53 N.64 3.3) N.62 3.6 
8.50 W.| 2.5) 8.49 W.) N. 24 W.! 1.7] 8.69 N.67 W.) W. 8.88 3.2) S.60 W.| S.37 5.3) 8.58 5.41) N.71 5.3] N.67 W.| 5.9 
_| 8.60 3.5) S.55 N.42 2.4) 8.74 5.9/N.57W. S.89 W.| 3.8) 8.62 W.) 3.4/| 8.50 6.4) S.67 W.| 7.01| N.60 6.1|/N.68 7.4 
"| 8.67 W. 4.3 N.58 W,| 8.80 5.8] N.54W.| 7.01N.56W. W. | 4.4] 8.62 4.5]| 8.63 6.4] 8.77 W.| N.63 W,| 7.1|N.68 W.| 8.0 
8.79 4.2) 8.77 5.0) N. 59 W.) 4.2) 8.80 N. 56 W.| 7.6) N.57 7.4) Ww. 4.9) 8.68 W.) 8.69 6.4) 8.82 9. 
"| 8.87 5.2) 8.80 N.65 W.| 5.2) 8.85 W.| N.58 W.| 9.2) N.57 8 2|N.87 W.| 5.3| 8.70 W.| 6.4]| 8.70 7.3) 8.87 W.|10. 6] N. 68 W.| 7.8| N.68 W.li0.7 
N.82 W. 4.3 8.85 W. N.78 W.) 8.5) 8.86 W./11. 0 N. 61 W.|10. 0) N. 59 W. 9.8) 8.85 6.5) 8.75 W.| 9.2) N. 88 W./12. 2)| N. 63 W./10. 6} N. 70 W./12.5 
N.79 W. 5.8 N.88 W. 9. N. 82 W./10. 8.89 W.)11. N. 60 W.)11. 6; N. 62 W.|11.7/| N. 79 W.| 8. 5} 8.78 9. S.83 9.6) N. 86 W./13. N. 78 W./11. 6] N. 75 W./14.9 
N. 76 7.2 N. 88 W./10. 4) N. 67 W./10. 6] N. 85 W./13. 2)| N. 65 W./13. 0) N. 65 W./13. 0)| N. 74 W.| 9.4) 8.81 W./11.0 Ww. N. 88 W./13. 6|| N. 83 W./12. 9] N. 76 W.|16. 1 
N.80 W. 8.3 N.88 W. 12.1) N.47 W.) 8.4) N. 82 W./13. 0|| N. 68 W./15. 0) N. 71 W../14. 9)| N, 63 W./10. 5) 8.84 W./11. 7|| 8.75 W./11. 5) N. 88 W./12. S.86 W./11. 1] N. 70 W./18. 8 
N. 74 6.8) N. 85 W./11. N. 11 W./15. 7| N. 71 W./12. 0) N. 28 W./13.7 N. 69 W./13. 8) N. 66 W.|13. 8) S. 86 W.}12. W./12. 6) 8.71 W./11.9]| 8.77 W./14. 0} N. 79 W./17.3 
8.67 7. i) N. 88 W.)12. N. 22 W./15. 0) N. 72 W./14. 7|| N. 32 W./14. 9) N. 83 W./14. 1!) N. 67 W./18. 1) N. 82 W./12. 5 8. 14.0) 8.76 W.| 9.7/| S. 75 W.|13. 2) N. 76 W./19. 6 
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AEROLOGICAL OBSERVATIONS FOR THE YEAR 1928 
By L. T. Samuzis 


The most striking feature of Table 1 is the preponder- 
ance of negative departures for all elements, viz, tempera- 
ture, relative humidity, and vapor pressure. As is usu- 
ally the case with yearly departures, they are of relatively 
small magnitude. 

Free-air resultant wind directions were northerly in- 
stead of southerly at Due West and Groesbeck in Febru- 

, at Due West and Royal Center in March, at Ellen- 

dale in May and September, at Groesbeck in September, 
and at Due West in December. 
A marked lack of southerly component occurred at 
most stations in April and at Broken Arrow and Royal 
Center in September, an excess of northerly component 
at Washington in May, and a southerly instead of the 
normal northerly component at Due West in October. 

The resultant velocities at practically all stations were 
considerably above normal in January; also at Wash- 
ington and Ellendale in April, at Due West, Groesbeck 
and Washington in June, at Ellendale in September, an 
at Groesbeck in October. 

A total of 1,505 kite flights were made during the year 
at the five aerological stations and the average altitude 
was 2,693 meters above sea level. The highest flight of 
the year (6,000 meters) was made at Royal Center, Ind., 
on April 18. 

One hundred and seventy-one airplane observations 
were made at the naval air station, Anacostia, D. C. 


TaBLe 1.—Free-air temperatures, relative humidities, and vapor 
pressures during the year of 1928 


TEMPERATURE (°C.) 


Broken Royal 

| Dus West| Washing 
(203 mates) (217 meters)| (444 meters)| (141 meters) (228 popters) (7 meters)* 

fititnde 

m. 8. 

“ De- De- De- De- De- De- 
ure 
Mean from Mean from Mean from M from M from Mean from 
nor- nor- nor- nor- nor- nor. 
mal mal mal mal mal 
Surface._| 15.1) —0,4) 15.4) —1.4) 6.1) +0. 16.9} —1. 10. 2} +1.8 
15.0) —0.4) 15.2) 16. 5} —1. 10.0 +1.1 
13.9) 13.9) —0. 5.9} +0. 15. 5} —0.8 +0.7 
12.9} —0.2) 13.0) —0. 5.4) +0.4) 14.6) 7. +0. 5 
12.1) —0.2} 11.9) —0. +0.1) 14.0) —0.7) 6.1 +0.3 
1,260. .... 11.3} —0.1) 10.7) 3.8) —0. 13.4, —0.5) 5.1 +0.1 
1,500... 10.4; —0.1) 9.5) —0.6) 2.8) —0.4) 12.6) -0.4) 4 —0.2 
2,000... 8.3) 0.0} 7. —0. 0.4) —0. 10.3} —0.6) 1. —0.5 
2,500... 5.8} 4.8) —0.5) —2:3) —0. 7.7}; —0.8) —0.5 —0.5 
3.0) +0.1/ 2.3) —0.5) —5.1) —0. 4.9) —1.0) —2.7 —0.5 
3,500____. 0.4; +0.3) —0. 2) —0.3} —7.9| —0.7) 1.9) —1.3) —5.3 -0.6 
4,000____. —2.3) +0. 5) —2.9| —0. 2|—10. 5) —0. 5) —1.0| —1.4) —7.9| 
4,500_____ —5.3 —6. 1) —0. 6/—13. 1) —0. 2) —3. 8) —1. 5|/—10. 7) 
5,000. ___. 7) —8.5) —0.3)—17.3) —1 —5,2) —0.1/-13. 5 —0. 2) 


TaBLE 1.—Free-air temperature, relative humidities, and vapor 
pressures during the year of 1928—Continued 


RELATIVE HUMIDITY (%) 


Broken Royal 

| Dug | | Groesbeck, | Washing 

(233 meters) (217 meters) | (444 meters)! (141 meters) (225 meters) (7 meters)* 

De- De- De- De- De- De- 
ure 

Mean) trom (Mean) trom Mean! trom |Mean) trom (Mean from |Mean] trom 

nor- nor nor- nor- nor- nor- 

mal mal mal mal mal mal 
Surface- 71) +1 —6 
0 68; —5 
760.2 63 67; —1 
1,250____. -1 62, —2 —5 
1,600... 61 —2 —5 
2,000... .. —1 4 
2,600... -1 —5 
3,000-.... 47; -—2 51 45) -7 —6 
44 —4 4 43, -—7 —3 
4,500__- 355 —9 4 

VAPOR PRESSURE (mb.) 
Surface. 13. 61)—0. 15} 14. 04 10. 52|—0. 12. 87|+0. 37 
13. 48/—0. 17) 138. 81 15. 10. —0. 26) 11. 40)+-0. 04 
500....... 12. 04/—0. 12) 12.35 7. 43|—0. 43) 14. 10|—0. 57} 9.15|—0.21| 9. 99/—0. 22 
10.82, —0. 13} 11. 18 12. 8. 27;—0. 23) 8. 87|—0. 38 
1,000__..- 9. '75|—0. 10. 20 5. 87|—0. 51) 10. 53;—1. 07) 7. 47|—0. 28) $ —0. 46 
1,250... .. 8. 75|—0. 25) 9. 21 6. 67|—0. 33} 7. 33} —0. 43 
1,500.___. 7.88|\—0.17| 8.27 5.90|—0. 37) 6. 63/—0. 51 
2,000._._. 6. 20,—0. 14) 6.61 4.51\—0.51; 5.35)—0. 53 
2,500... .. 4. —0. 5. 30 3. 48/—0. 38; 4. 19|—-0. 43 
3,000__._- 3. 89/—0. 04} 4. 18) 2. 62}—0. 41) 2.93/—0. 58 
3,500._... 2.99|—0. 16} 3. 37) 2. 09; —0. 2. 52, —0, 13 
4,000._... 2.35;—0: 10} 2.84) 1, 74;—0. 
4,500..... 1. 61;—0. 2. 23) 1, 56)}+0. 02)... 
* Naval air station. 


THE WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By P. C. Day 
GENERAL CONDITIONS 


December, 1928, was notable for the wide extent of the 
precipitation shortage, the few days with extensive pre- 
cipitation either rain or snow, and the preponderance of 
days having weather favorable for outdoor occupations. 


PRESSURE AND WINDS 


The month opened with cloudy weather and local 
rains over the Atlantic and Gulf coasts and similar 
33751—29——3 


conditions prevailed jn the far Northwest, with a low- 
preenige area developing over the upper Missouri Valley. 

his low-pressure area advanced southeastward to the 
Dakotas by the morning of the 2d, attended by light 
snow over the northern plains and the near-by Canadian 
Provinces, and enion duripg the following 24 hours 
to the vicinity of Lake Michigan with increased intensity, 
the precipitation area being still confined to the immediate 
vicinity of the storm center. The storm diminished 
rapidly after crossing the Lakes and apparently dissipated 
during the following day in the region to northward of 
Lake Superior though light snow extended eastward to 
New York and New England. By the following day, 
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however, the precipitation area in the northeast had 
extended southward and in connection with a storm 
area moving eastward from the southern plains, light 
rain or snow had orstmeee an extensive area from 
the middle Mississippi Valley and Great Lakes east- 
ward except along the south Atlantic coast. 

Save for scattered light precipitation in the far West 
during the first decade, no important cyclonic disturbances 
crossed the country during that period save as previously 
indicated. 

Beginning early in the first decade, high atmospheric 
pressure developed over the Plateau region and mostly 
clear weather prevailed over that region and later to the 
eastward, until about the 12th, at which time a cyclone 
of moderate proportions overspread the southern Plateau 
and Rocky Mountains and moved to eastern Oklahoma 
and western Arkansas by the morning of the 13th, at- 
tended 5, Re heavy rains in portions of the west Gulf 
States. uring the 14th the rain area extended north- 
ward to the Lake Michigan area and eastward nearly to 
the middle and south Atlantic coasts, but was largely 
dissipated by the morning of the 15th, though some local 
heavy rains occurred within the 24-hour period near the 
middle Atlantic coast. Closely following the track of the 
storm referred to above, another low-pressure area had 
moved to the southern plains by the morning of the 16th, 
attended by local precipitation near its path, and by the 
morning of the 17th it was central over Indiana. Pre- 
cipitation had covered an extensive area from the southern 
plains northeastward to beyond Lake Superior, light snow 
occurring over wide areas from the Missouri Valley 
northeastward to the upper Lakes, with local heavy rains 
in protions of the lower Ohio and middle Mississippi 
Valleys. By the following day the storm center had 
advanced to the lower and precipi- 
tation had extended to all sections from the Mississippi 
River eastward save extreme southern Florida, but the 
falls were mostly light. 

Prior to the passage of the cyclone referred to above, 
high-pressure had again become established in the Plateau 
region and dominated the weather over that and near-by 
areas, extending later into most eastern districts during 
the remainder of the month, some local 
occurring during the period along the Pacific coast, but 
fair weather prevailed in most central and eastern 
districts. 
aw Lhe average sea-level pressure of the month was above 
normal in all districts save in Minnesota and small por- 
tions of near-by States, the excesses being comparatively 
large in practically all western regions, but the values 
diminishing in all directions from the Plateau. Com- 
pared with the preceding November pressure was higher 
in all districts save from the Dakotas and eastern Montana 
southeastward to the middle and east Gulf coasts. 

Due to the general high pressure existing there were 
few important cyclones eh winds of importance were 
infrequent though small tornadoes occurred at several 
points in Texas on the 12th. 

The general pressure distribution and prevailing winds 
are shown on the usual charts, and the main facts as to 
storm damage appear as usual in the table at the end of 
this section. 


TEMPERATURE 


The first half of the month showed no marked abnor- 
malities in the temperature distribution, though the 
week ending the 18th was mainly much warmer than 
normal over the districts east of the Rocky Mountains 
and moderately cool to the westward. 
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The week ending the 25th continued warm over the 
eastern slope of the Rocky Mountains and from the 
middle Plains northward and into the western Canadian 
Provinces, but moderately cool over most other districts 
except distinctly cold over the Plateau region. 

The final week of the year was warmer in all districts 
save over southern Florida, and the week as a whole was 
distinctly warm over most northern districts. 

For the month as a whole the temperature averages 
were above normal over all parts of the United States 
and Canada as well, from the Rocky Mountains eastward 
save near the Gulf and south Atlantic coasts where they 
were normal or slightly below. The averages were 


decidedly above normal from the we Missouri Valley 
eastward and over the adjacent Canadian Provinces, 
Some portions of the northern Plains and upper Missis- 


sippi Valley States having averages among the highest 
of record for December. 

The monthly means were below normal in all districts 
from the Rocky Mountains westward, but the departures 
were mainly small. 

The warmest periods were the 3d to 4th over the South- 
eastern States, the 7th to 14th in the upper Mississippi 
Valley, Lake region, and portions of near-by areas, and 
27th to 28th in the Ohio Valley and thence to the Rocky 
Mountains and over the districts to westward. 

The minimum temperatures were fairly well scattered 
through the month, ranging from the 3d to 23d. The 
lowest reported was 41° below zero at a point in Montana. 


PRECIPITATION 


The precipitation as a whole was unusually light, onl 
six States, all located in the southern Plains and middle 
Mississippi Valley, having monthly amounts for the State 
in excess of the normal. 

The deficiencies were rather large in the Atlantic coast 
and east Gulf States, where in several instances the 
monthly totals were the least of record for 50 years or 
more, Burlington, Vt., reporting the month as the driest 
December in the past 100 years. 

In areas where the precipitation was above the normal 
the excesses were mainly small, so that the total (genom 
tation for the month as a whole, considering arts 
of the country, was probably the least of record for 
December. 

SNOWFALL 


December was markedly deficient in snowfall over the 
greater part of the country. East of the Rocky Moun- 
tains the ground was bare or had on a light coveri 
during any material part of the ‘month, and at the en 
only slight depths had accumulated on the ground in the 
more northern districts. . 

In the mountain regions of the West fairly good depths 
had accumulated by the end of the month in portions of 
the Rocky Mountain region, and in some of the moun- 
tains of the Northwest, but in the high elevations of Cali- 
fornia and the Southwest the amounts of stored snow were 
mainly much less than normal. 


RELATIVE HUMIDITY 


Owing to the general absence of precipitation and to 
the prevalence of mainly higher than the normal tempera- 
tures, relative humidity was largely less than normal in 
practically all parts of the country, though this was not 
the case in some portions of the Rocky Mountain and 
Plateau regions, where important excesses in the per- 
centages were noted. 
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SEVERE LOCAL STORMS, DECEMBER, 1928 


(The table herewith contains such data as have been received concerning severe local storms that occurred during the month, A more complete statement will appear in the Annual 
. Report of the Chief of Bureau] 
yards "| life 
bury to Princess Anne, 8 High winds. Poles blown down; telephone service impaired - U. 8. Weather 
ureau. 
Pearland, Tex. (mear)--.-.. 12 | 5:15 p. m.. 20 $10,000 | Tornado.........-. Buildings damaged; 1 person injured...........- Do. 
Zavalla, Tex. (near)........ 12 | 5:30 p. m_. 100) i do Everything in 1-mile path destroyed or damaged; Do. 
persons 
Center (near) to Tenaha 12 | 6p. m.-.... 50 1 8, 000 do. A number of piridings destroyed; timber lands Do. 
(near), Tex. damaged; 3 persons injured. 
Nobile to Benson, La-...-... 12 | 6p. m..... 200 1 116, 700 do. Buildings and timber damaged; livestock killed; Do. 
path 12 miles: a few persons injured. 
De Soto Par- 12 High winds. -.-..... Timber and other property Do 


1 Includes damage in Sabine and De Soto Parishes, La., by winds not tornadic (item following). 


RIVERS AND FLOODS 
By R. E. Spencer 


Rains from December 11 to 13 and again, in heavier 
falls, on December 16 and 17 over the area from Arkansas 
and eastern Oklahoma southward to Texas and the Gulf 
of Mexico resulted in moderate floods in the Ouachita 
and lower Black Rivers of Arkansas, and in the Sulphur 
and Trinity Rivers of Texas. 

No direct losses were reported except in the Sulphur 
River section of Texas, where the total, largely in bridges, 
highways, levees, etc., amounted to $46,000. Property 
worth $140,000 was saved in this section through Weather 
Bureau warnings. On the Ouachita such advantage was 
taken of the flood warnings that no avoidable loss 
occurred; though damage done to winter pastures was 
considerable. The Trinity River rise was forecast 
accurately and well in advance, with resultant losses 
negligible and $7,000 saved in livestock and movable 
property. 

[Dates in December except as otherwise specified] 


Above = Crest 


River and station stage 
From—| To— | Stage | Date 


Illinois: Feet Feet 
Havana, 14 21 14.7 | 26. 
St. Francis: St. Francis, Ark............-- 17 3 10 18.6 | 8. 
17 29 21.0 | 24. 
Petit Jean: Danville, Ark................- 20 18 19 20.6 | 19. 
Black: 

Black Room, AYE. 14 17 22 16.2 | 19. 
Cache: Patterson, Ark.................-.- 9 20 30 9.6 | 23-25. 
oe Crossing, Tex 20 17 22 29.0 | 18. 

Finley, Tex. .... 24 19 26 30.3 | 21. 
ypress: Jefferson, Tex...............-..- 18 20 26 24.2 | 21. 
Ouachita: 
Arkadelphia, Ark. 12 17 19 19.7 | 18. 
Camden, Ark. ae 20 25| 34.9 | 22, 


r 


WEST GULF DRAINAGE 
Trinity: 


Dallas, Tex... 25 17 20; 37.6] 18. 

Trinidad, Tex... 28 20 28 38.4 | 24, 

Trinity, Elm Fork: Carrollton, Tex....... 7 17 17 7.3 | 17. 
1 Continued from last month. ? Continued at end of month. 


MEAN LAKE LEVELS DURING DECEMBER, 1928 
By Unitep States Laxe Survey 
(Detroit, Mich., January 4, 1929] 


The following data are reported in the Notice to 
Mariners of the above date: 


Lakes ! 
Data Michi- 
Superior | gan and Erie Ontario 
Huron 
. Mean level during December, 1928: Feet Feet Feet Feet 
Above mean sea level at New York.....- 603. 00 580. 63 571. 74 245. 80 


Above or below— 
Mean stage of November, 1928...| —0.39 +0. 02 +0. 01 +0. 13 
Mean stage of December, 1927...| +0. 68 +1, 85 +0. 13 +0. 15 
Average stage for December, last 
+1. 12 +1. 45 +0. 31 +0, 68 

Highest recorded December 

Lowest recorded December stage.| +2. 75 +3. 09 +1. 35 +2. 37 

ave de ure (since 1860) of the Decem- 
ber level from the November level_........ —0. 27 —0. 22 —0.07 —0. 07 


1 Lake St. Clair’s level: In December, 1928, 574.98 feet. 


EFFECT OF WEATHER ON CROPS AND FARMING OPERA- 
TIONS, DECEMBER, 1928 


By J. B. Kincrer 


General summary.—During the first decade rains were 
beneficial in the Pacific Coast States and higher tempera- 
tures in the far Northwest were helpful, but much range 
land in the central Rocky Mountain district was snow- 
covered, considerable feeding of livestock. 
East of the Rocky Mountains the ground was generally 
bare of snow, except in some north-central districts. 
The persistently cold weather, with continued soft fields 
from previous rains, was rather unfavorable for outside 
operations in parts of the interior and the freezing 
temperatures in the Southeast killed tender truck as far 
south as parts of central Florida and did some local 
damage to citrus. Precipitation was still needed in 
some south Atlantic and Gulf sections, but elsewhere 
soil moisture was largely sufficient. 

During the second decade frequent rains in many 
places, heavy in the Mississippi Valley States and parts 
of the Southwest, caused farm operations to be largel: 
suspended, but elsewhere seasonal work made good - 
vance and was generally up to an average year. Showers 
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were helpful in the South Atlantic and east Gulf States 
and in the west Gulf area and far Southwest weather 
conditions were mostly favorable, with mild temperatures 
and absence of storms permitting free grazing of livestock 
in the northern plains. West of the Rocky Mountains 
cold weather, and in some places snow, was rather hard 
on livestock, but the additional moisture was of benefit 
to desert ranges. No materially harmful temperatures 
occurred, though frost was general in California, necessi- 
tating some heating of citrus groves. 

During the last decade weather conditions were gen- 
erally favorable for agricultural interests, as there was 
an absence of stormy weather until near the close of the 
month, and most of the period was mild and sunny. 
Conditions favored livestock in the northern Great 
Plains with much ranging possible and the higher tem- 
peratures in the Southwest were likewise favorable. 
Rainfall was again deficient in the Southern States, 
especially on the Florida uplands, where it was very 
dry. There was no material harm from low tempera- 
tures, except that the interior of southern Florida had 
harmful frosts on the 29th. Snowfall was beneficial 
for winter grains in parts of the interior of the North- 
west and in the main winter wheat belt a snow cover that 
was deposited about the close of the month furnished 
protection from the cold wave that overspread the inte- 
rior of the country immediately thereafter. Huski 
and housing the remaining corn crop made mostly goo 
progress and conditions favored scrapping the outstand- 
ing cotton. 


Small grains —The growth of winter wheat and other. 


fail-sown grains was checked by the cold weather duri 

the first decade that prevailed from the Mississippi 
Valley eastward and but little growth was made in the 
more western portions of the belt. The main wheat 
sections were generally bare of snow, but wheat apparently 


suffered little or no harm from the low temperatures. 


In the Pacific Northwest warmer weather, with showers, 
was favorable toward the close of the period and in the 
more eastern States winter grains continued in favorable 
condition, except that moisture was needed in parts of 
the south Atlantic area. 

During the second decade winter wheat and other fall- 
sown grains made some growth under the influence of 
the abnormally warm weather and abundant moisture in 
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the central and eastern portions of the belt. Aside from 
the extreme western districts, the ground over the major 
wheat-producing areas was practically bare of snow; in 
the Rocky Mountain States and eastern Great Basin 
wheat fields were mostly snow-covered, while in Montana 
there were beneficial amounts over most wheat districts, 
In the Pacific Northwest conditions were less satisfactory, 
but the weather favored winter grain crops jp the Atlantic 
States and the South. 

The winter wheat belt continued generally bare of 
snow until about the close of the last decade, but the 
prevailing temperatures were not materially harmful, 
although there were complaints of thawing and freezing 
locally in the Ohio Valley. In the western belt conditions 
continued favorable and at the close of the period there 
was rather widespread snow in many central and western 
districts. Precipitation in the Pacific Northwest was 
helpful for winter grains, but additional moisture was 
needed. In the Rocky Mountain States wheat con- 
tinued mostly satisfactory, but rainfall would have been 
beneficial in the South; conditions were generally favor- 
able in the middle Atlantic area. 

Miscellaneous crops.—Pastures continued in poor con- 
dition in central Gulf sections, but the absence of snow 
cover in most northern parts from the Great Plains east- 
ward was not serious, as no injury to meadows was re- 
ported. Livestock were able to range freely in the 
northern Plains area throughout the month, with a conse- 
wer saving of feed, and much range remained open in 
the Rocky Mountain region. Conditions continued 
mostly favorable in the Southwest, but heavy feeding 
was necessary in the Great Basin, due mostly to poor 
pasturage. Livestock held up well with only few losses 
and slight shrinkage reported. 

Winter truck did well in most sections where —_— 
except that some frost injury occurred in Florida and 
adjacent sections during the first and last decades. Con- 
ditions were favorable for grinding sugar cane in Louisiana 
and generally excellent progress was made. There was 
some local frost damage to citrus in Florida during the 
first decade and some dropping due to dryness was 
reported toward the close of the month, but this crop 
did well generally. Some firing was necessary in citrus 
groves in California, but no injury occurred and deveiop- 
ment of the crop was mostly satisfactory. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 


By F. A. Youne 


The weather over the North Atlantic during December 
presented few unusual features, with the possible excep- 
tion of the very severe norther in the vicinity of Vera 
Cruz, Mexico, that will be referred to later. The number 
of days with gales was slightly below normal over the 
middle and eastern sections of the steamer lanes, and 
somewhat above west of the fiftieth meridian. Up to 
time of writing, no winds of hurricane force have been 
reported, although a few vessels encountered gales of 
force 11, as shown in table of gales and storms. 

Judging from reports received, the number of days 
with fog was considerably below normal over the entire 
ocean, with the exception of the eastern part of the Gulf 
oi Mexico, where it was observed on four days. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level, 8 a. m. (seventy-fifth meridian), North Atlantic 
Ocean, December, 1928 


Aver- 
age | Depar-| High- 
Stations pres- | ture! | est Date | Lowest} Date 
sure 
Inches | Inch | Inches Inches 
Julianehaab, Greenland -~........- 29. 53 () 30.36 | 6th...... 28. 66 | Sist. 
Belle Isle, Newfoundland... -...... 29.77 | +0.07 | 30.50 | 5th...... | 28.62 | 3ist. 
Halifax, Nova Scotia 30.00 | +0.02 | 30.50 | 28d.....-. 29,12 | 20th. 
30.08 | —0.02 | 30.46 | 13th_.... 29.32 | 18th. 
Hatteras 30.12 | —0.02 | 30.44 | 12th..... 29.72 | 18th. 
Key West 30.10 | +0.01 | 30.22 | 24th 30.00 Ist.* 
30.16 | +0.04 30.40 | 9th...... 29.90 | 17th. 
Cape Gracias, Nicaragua.........- 20.92 | —0.06 | 29.98 | 27th %__.| 20.84 | 23d. 
30.10 | +0.07 | 30.16 | 30th.._-.| 30. 02 | 9th. 
30. +0.05 | 30.46 | 3ist..... 29.90 | 28th. 
Horta 30.29 | +0.18 | 30.62 | 8th... 29.88 | 16th. 
Lerwick, Shetland Islands.......-. 29.82 | +0.10 | 30.28 | 15th....- 29. 24 | 10th. 
Valencia, Ireland................. 29. +0.05 | 30.55 | Ist...... 28.94 | 10th. 
30. +0.03 | 30.53 | 18th..... 29.14 | 30th. 


1 From normals shown on Hydrographic Office Pilot Chart, based on observations at 
Greenwich mean noon, or 7 a. m., seventy-fifth meridian time. 
2No normal available. 3 And on other dates. 
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On the 2d Belle Isle was near the center of a distur- 
bance, and —™ of force 7 to 10 occurred between the 
east coast of Newfoundland and the forty-fifth meridian. 

From the 3d to 6th moderate weather with compara- 
tively high Neen prevailed over the greater part of 
the ocean, although on the 4th moderate westerly gales 
were encountered in a limited area over the western sec- 
tion of the steamer lanes, and on the 6th a number of 
land stations in the British Isles reported northerly to 
northwesterly winds of force 7. 

On the 7th one moderate disturbance was central near 
41° N., 47° W., and another in the North Sea, while 
southerly winds of force 9, accompanied by high baro- 
metric readings, were reported near 50° N., 57° W. 

Charts VIII to XI*show the conditions from the 8th 
to 11th, when both the eastern and western sections of 
the ocean were swept by storms that reached their maxi- 
mum intensity and extent on the 10th. 

From the 12th to 17th, moderate weather was the rule 
over the greater part of the ocean, although on the 15th 
a disturbance was central near 43° N., 47° W., with 
southerly winds of force 9 to 10 between the fiftieth and 
sixtieth meridians. On the same day a southerly wind 
of force 10 was reported about 500 miles west of Scotland. 

On the 18th a moderate gale prevailed off Hatteras, 
and on the same day an severe “norther”’ 
was reported by the land station at Vera Cruz, Mexico, 
the wind being given as north, 72 miles an hour, barometer 
29.94 inches. This must have been of very limited 
extent, as the station at Tampico reported wind north- 
northwest, force 1, while no ships’ reports have been re- 
ceived denoting any unusual conditions in that vicinity. 

On the 20th moderate conditions again prevailed, 
except for a comparatively slight disturbance central 
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in the Gulf of Mexico. This moved rapidly northeast- 
ward, and on the 21st was central near Sable Island, 
with moderate southerly gales in the easterly quadrants. 

On the 22d westerly gales occurred on the steamer 
lanes between the fortieth and sixtieth meridians, and - 
on the 23d between the twentieth and fortieth. On the 
23d there was also a well developed Low off Hatteras 
that moved eastward, and on the 24th was central near 
39° N., 54° W. 

On the 25th the steamer lanes east of the twenty-fifth 
meridian were again swept by moderate to strong west- 
erly gales, the storm area extending nearly to the Azores, 
while on that date and on the 26th storm reports were 
also received from vessels in widely scattered sections 
of the ocean. 

On the 27th a Low, central near 50° N., 35° W., was 
accompanied by moderate gales, with rain, hail, and 
snow over a limited area in the westerly quadrants. 
This Low moved eastward, and on the 28th the center 
was near 53° N., 27° W., the weather conditions remain- 
ing about the same as on the preceding day; by the 
29th the center was near the west coast of Ireland, 
and the storm area extended as far west as the thirtieth 
meridian. 

On the 27th there was also a disturbance about 300 
miles northeast of the Bermudas that moved slowly 
northward, and by the 29th reached the Gulf of St. 
Lawrence. This tow moved but little in the next three 
days, and during the remainder of the month moderate 
to strong westerly gales swept the American coast as 
far south as the thirty-fifth parallel, and on the 31st 
heavy weather also occurred over the area from the 
fortieth to fiftieth parallels, and the fortieth to forty- 
fifth meridians. 
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OCEAN GALE AND STORM REPORTS 
Position at time of Direction 
vere lowest barometer Low- | tion of | and foree | tion oy 
Time of est t Shifts of wind 
Vessel Gale lowest Gale ba- wind of wind wind force o: neat time of 
began | parometer | | rom- when | wind lowest barometer 
From— To— Latitude | Longitude eter- began | barometer | en 
NORTH PACIFIC 
OCEAN 
° ° T 
Pres. Jefferson, Am. 8. S_| Yokohama-_-__| Honolulu-_---| 33 40 N. | 155 00 W. 28. 95 SSW.-NNW. 
Toba Maru, Jap. S. S.--|__--- * “Rae San Francisco; 41 00 N. | 168 17 W. 28. 58 + 
Illingworth, Br. 8. Panama-....- Yokohama...| 28 10 N. | 160 00 E. 29. 39 SW.-W. 
Rakuyo Maru, Jap. 8. 8.| Yokohama-...} Honolulu 32 04 N. | 168 25 E. 28. 29 SW.-W-NW. 
Br Arrow, Am. 8. 8..| San Pedro-....| Sha: .....| 32 00 N. | 176 52 E. 29. 06 SSW.-NW. 
Akibasan Maru, Jap.S.S_| Yokohama.-_-_| San Fra 47 45 N. | 170 30 W. 28. 83 10 Fe 
Oregon, Am. 8. 44 02.N. | 148 50 E. 29. 31 WSW.-SW. 
Hayo Maru, Jap. 8. Muroran.....| Vancouver_-_.| 43 | 158 35 E. 29. 30 SSE.-SSW. 
Ixzion, Br. 8. Victoria... 49. 30]N. | 165 00 W. 28. 72 W.-WS 
Pres. Jackson, Am. 8. S_- Yokohama... sik N. | 168 28 W. 28. 20 4 pis. 
Kentucky, Am. 8. S_.__- San Francisco) 48}48IN. | 151 50 W. 28. 86 SSE.-WSW 
Fukuyo Maru, Jap. 8. 8- Portland.-.... 48 17 N. | 162 17 W. 29. 03 
Hanley, Am. 8. 8__.._--- Angeles..| 14 11 N.| 94 45 W. 29. 90 NNW--N. 
Oiympia, Am. 8. 8.-...-- San Francisco| 49 12 N. | 158 16 W. 28. 82 8,.-S W.-W. 
Koyo Maru, Jap. 8. S_..| Muroran.....| Tacoma...... 50 00 N. | 147 50 W. 29.11 §.-SW.-SSE. 
Maru, Jap. Yokohama...| 43 47 N.| 153 11 E. 28. 76 E.-SW.-NW. 
Golden Peak, Am. 8. 8.- San Francisco) 40 00 N.| 163 25 E. 29.44 | SSE_...| 8., 10...... SSE.-8.-SW. 
Fukuyo Maru, Jap .8. 8. Portland__... 48 52 151 32 W.} 10...... 28.74 | ESE... NE., NW., 
Vancouver, Br. 44 30 N.| 176 50 W.} SSW...| 8., 10......| SSE.-8. 
Oregon, Am. 8. 8_.......| 48 53 N.| 165 06 W.} 29.24 | SSE....| S., 5....... §.......| SSE., 11...) SSE.-8. 
Pres. Jackson, Am. 8. Yokohama__.| 46 38 N.| 159 56 E. | p., 11.-..| 12..---- 23.48 | NW__.| NW., 6...| WNW-_| 11_.| NW.-N.-NNW, 
Blythmoor, Br. 8. 8_.... Canal Zone..| Vancouver... Off Victoria | 29.38 | SSE...| ESE., 7...) ESE...| E., 10.....| SE.-ESE, 
Oridono Maru, Jap 8. C elumbia Yokohama...| 46 05 N.| 161 30 E.| 28.44 | NW ...| WSW.,5..| NW....| NW., il-.| WNW.-NW. 
ver. 
Malama, Am. S. Honolulu__... 47 10 N. | 127 29 W.| 29.25 | SE.....| SSE., NW_..| NW., 
Oregon, Am. § Hakodate....| San 48 10 N. | 155 34 Sa, 29.49 | SW....| SSE., 8....... SSE., 10 ..| SSE.-SW 
Washington, Am. 8. 8... Legasp! ---.---| 44 16 N. | 159 04 W.j 14....-. 6 8., 29.10 | 8., 10...-.. SW....) SSW.,11..| 8.-88SW. 
Havre Maru, Jap. 8. 8..| Miike........ Grays Harbor! 49 23 N. | 157 40 15...... 664 28.59 | SE..... 8., 11......| SW.---.| 8., 11.....| 8.-8SSW. 
Talthybius, Br. 8. S..... Victoria......} Yokohama...) 51 40 N. | 160 04 15...... 29.15 | NE.... NN —-| NNE..} 8., 10......| NNE.-N. 
Tecumseh, Br. 8. Yokohama.-..} San Pedro....| 40 40 N.| 148 00 W./ 16...-.. 29.90 | SSE., 9....| 10... 4 
Erviken, Nor. S. Vancouver...; Yokohama...| 46 20 N./ 158 10 E. | Noon, 18.-; 19...... 28.98 | SW....| W., NW., 10..| 8SW.-W.-NW. 
Silveray, Br. M. Soerabaya....| San Francisco) 14 20 N.| 136 30 E, | 17...-.-. 20.69 | N...... W......| W., 9......| N.-NW.-W. 
Shabones, Br. 8. 8......- Shanghai._..-| San Pedro...| 37 30 N.| 165 00 E. | 19.-.-.- a., 20.....| 29.35 | SW., 9....| NW..-.| 8W., 10..-| SW.-W.-NW 
Golden Peak, Am. 8. 8_.| Hong Kong-..| San Francisco) 43 35 N. | 145 40 W. | 20...... Noon, 20..} 22...... 29.48 | WSW-.. wsw., ..| WSW.. wsw., 11.| 8 
way Mountain, Am. | T q “yy 49 30 N.| 154 06 W. | 20...... 28. 53. | SE..... 8., 10......| SW....| SE., 8.-WSW. 
as tam Maru, Jap. | Yokohama. do 44 25 N.| 140 30 W. 29.80 | & 8.,7 SSE...| 8., 10...... 
Maru, Jap. 8. 8._-/..-.. ee Victoria_..... 50 33 N. | 140 40 W. | 29.11 | SSE...| SSE. —...| SSW...| SSE., 10__| 7 pts. 
Blythmoor, Br. 8. 8..... Vancouver...| Panama...... 42 12N. | 124 56 W. 29.60 | S. 8., 9. WOW 8.-WSsW. 
Am. 8. 8......-.- Sydney....--| Honolulu....| 11 52 N. | 166 28 W. 29.98 | ENE.-| ENE., —.| NE....| ENE., 9_- Bteady, 
Steel Worker, Am. 8. 8.| San Pedro...| Yokohama.-.-.| 33 27 N. | 143 50 E. 29.67 | SW....| NW., —...| NW... | NNE., 10.| SW.-NW.-NNE. 
West Nilus, Am. 8. 8__.| Balboa....... San Pedro...| 15 30N.| 94 22 W. 29.94 | N...... NE....| NNE., 9..| N.-NE. 
Ryujin Maru, Jap. 8. 8..| Miike...-..- Vancouver...| 46 00 N.| 164 50 E. 28.25 | ENE..| WNW., 5.| W.....| WNW., 
Siberia Maru, Jap. 8. S..| 32 23 N. | 171 33 E. 29.81 | ESE...| SE., 11....| SW--...| SE., 11....| SE.-8. 
Steel Traveler, Am. 8.8.) New 15 N. | 151 50 W.} 26...... Mdt., 26..| 27...... 30.23 | N N., 7. E......| NE., 9....| N.-NE. 
Maru, Jap. | Yoko .--| San 44 30 N. | 152 12 W.| 27...... 28.91 | ESE... ESE.-W 
Maru, Jap. |....- San Pedro....| 35 12 N. | 153 08 E. | 29...... 28.64 | SW....| NW., 10..| WNW_.| NW., 10..| SW.-W.-NNW. 
Etna Maru, Jap. 8. S____| Miike Portland 46 35 N.| 177 30 W.| 30__---- 28.84 | SE_.... SE., 10....| SSW...| SE., 10....| SE.-8.-SSW. 
Tamaha, Br. S. 8.......- Yokohama__-| San Francisco| 38 10 N. | 164 30 E. | 30...--- oon, 30.-| 31..---- 28.67 | 8 8., 8 W.| W., 8.-8W.-W. 
NORTH ATLANTIC 
OCEAN 
Blue Triangle, Am. 8. Philadel 38 0ON.| 62 00 W. 29.79 | SW....| SW., 10...| NW....|; —, 10_.....| SW.-W.-NW. 
Edgehill; Am. 8. S-..... Galveston....| Liverpool....| 35 00N.| 74 30 W.| 7...--..| 3D., 7.-.-.| 14..--.-|.------ NE....| NE., 7....| NW....| 8W., li... 
Balsam, Am. 8. Avonmouth__| Baltimore....| 50 27. N.| 38 56 W. 30.14 | 8. 9 8., 9 Steady. 
Sagaporak, Am. S. S...-| Gothenburg_-| Portland, Me.| 58 10N.| 1108. 20.59 | NW. Nw-N-8Ww. 
Irma Schindler, Ger. S.S.| New Orleans_| Falmouth....| 46 51 N.| 9 49 W. 30.12 | NE....| N., 9 N NNE., 10.| Steady. 
McKees Am. 8. New York...) Havre........ 39 40 N.| 66 12 W. 29.54 | NE.._. SSE. 10..| SW..../ —, 11......! SSE.-SW. 
Seattle Spirit, Am. 8. S_.| Norfolk.....- remen..-. 49 20N.| 19 50 W. 29.20| WNW_| WNW....| NW., 10..| WNW.-N. 
Coldbrook, Am. 8. 8....| Antwerp... New Orleans} 44 00 N.| 14 00 W. 29.74 | SW....) WNW.) NW., 10_- 
liance, Ger. 8. 8... Hamburg-....| New York...| 4130 N.| 64 12 W. 29.45 | 8....... —, 
Stuttgart, Ger. S. Cobh.......-| Halifax... 51 28N.| 2219 W. 29.24! WNW-| NW., il... NW....| NW., Steady. 
Exton, Am. 8. 8_........ Casa Blanca.| New York...) 34 50N.| 700 W. 29.67 | SW....| SW., 10...) NW_...| SW., 10...| W.-SW.-NW. 
West Nosska, Am. 8. Norfolk...... ivi were 9 46 W. 29.66 | SSE....| SE., 10_...| SE..... SE., 10... 
McKees Am. 8. S..| New York.--| "Havre_._..... 45 21N.| 41 36 W. 29.69 | N...... NNW ,8..| NNW .| N., 9.....- N.-NNW. 
Gaasterdijk, Du. 8. 8....| Rotterdam...) New York...| 42 50N.| 54 58 W. 29.50 | WNW.| NW.,, 7..../ N..-... NNW.,9..| WNW.-N. 
West Saginaw, Am. 8. 8.| New Orleans.| Liverpool....| 47 45 N.| 34 27 W. 29.48 | SSE....| SSE., 10._| SSE_.._| SSE., 10_- 
Lord Antrim, Br. 8. 8...| Rotterdam_..| St.John, 45 10N.| 54 00 W. 29.67 8 8., 9 Ww s.-W. 
Gulfking, Am. 8. 8......| Savannah....| Port Arthur__| 27 40 88 50 W. 29.85 | N 
Creole, Am. 8. S8........| New Or -| New York...| 32 48.N.| 77 40 W. 29. 84 
New York City, Br. 8. 8.| Bristol....... Philadelphia_| 49 35 N.| 39 06 W. 29. 60 
Yuri Maru, Jap. 8. Norfolk...... Rotterdam...; 47 50 N.| 25 05 W. 29. 98 
West Harcuvar, Am. 8 Boston_...... Hamburg....| 49 45 N.| 20 30 W. 29. 75 
Bilderdijk, Du. 8. 8___.. t ...| Boston....... 46 51 N.| 38 02 W. 29. 80 
City of Alton, Am. 8. 8 do. New York...) 51 0ON.| 24 20 W. 29. 52 — 
River Orontes, Br. 8. S..| Gibraltar._._. oston....... 36 55 N.| 65 00 28...... 29. 60 
Th Ger. 8. Cobh........| New York...| 44 33 N.| 55 44 28...... 29. 15 W. 
City of Flint, Am. 8. 8..| Portland, Me.| London.....- 50 26N.| 15 59 W.| 20.-.-| 30.---.. 29. 92 -...| NW., 7....| NW....| NW., 10... y. 
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DrcemBeER, 1928 
NORTH PACIFIC OCEAN 
By Wuuts E. Hurp 


The average atmospheric pressure over the North 
Pacific Ocean during December, 1928, showed pronounced 
abnormalities. In the central region of the Aleutian 
cyclone, so far as indicated by the observations at Kodiak 
(29.29 inches) and Dutch Harbor (29.26 inches), the 
pressure was nearly a third of an inch below the normal, 
and at Dutch Harbor was the lowest for December in the 
record of the last 17 years. At Midway Island, on the 
contrary, the average of 30.17 inches, which was 0.13 
inch above the normal, was next to the highest at that 
station since 1912. There was therefore an unusual 
barometric gradient between these two stations in middle 
longitudes, amounting to 0.91 inch. The greatest daily 
difference was on the 2d, with the Midway reading at 
30.20 inches, and that of Dutch Harbor at 28.46 inches. 
The Aleutian cyclone was thus strongly developed, and 
with pressures below the normal for fully three-fourths 
of the month. The Pacific-California anticyclone was 
also well developed in central latitudes. with pressures 
slightly above the normal at all land stations within its 
boundaries. 

Pressure data for several island and mainland coast 
ee in west longitudes are given in the following 
table: 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
a, at sea level at indicated hours, North Pacific Ocean, December, 


Aver- | Depar- 
Stations {ure |Highest| Date [Lowest| Date 
sure | normal 
Inches | Inch | Inches Inches 
Hi 29.26 | —0.32 30.14); 17th_.-_- 28.34 | 6th. 
29.32 | —0.29} 30.02 | 26th___.. 28. 64 | 3d.4 
Ki 29.29 | —0.29 | 30.26 | 28.38 | 22d. 
Midway Island !___......-......-. 30.17 | +0.13 | 30.44 | 24th.____ 29.96 | 30th.‘ 
30.08 | +0.07 | 30.25 29.92 | 3ist. 
29.77 | —0.02 | 30.64 | 17th..._. 28. 84 | 8th 
Tatoosh Island ?#____............- 30.04 | +0.07 | 30.66 | 17th_.__- 29.16 | 24th 
30.17 | +0.06 | 30.47 29. 65 
San Diego * 3 30.10 | +0.06 | 30.26 | 20th... 29.88 | 11th 
1 P. m. observations only. 3 Corrected to 24-hour mean. . 
2A. m. and p. m. observations. 4 And on other dates. 


- The wind movement over much of the ocean showed 
an extraordinary activity, as a result largely of the ab- 
normally great differences in pressure north and south, 
but partly because of intense storms issuing from upper 
latitudes of Asia. Gales were not only of daily occur- 
rence over the ocean as a whole, especially north of the 
thirty-fifth parallel, but the number of days with gales 
of force 10 andsupward was the greatest of any winter 
month in recent years. Also, according to reports al- 
ready at hand, whole storm to hurricane}velocities were 
encountered by vessels on the upper and middle‘routes 
on at least 11 days. Gales of forces 11 and 12 occasioned 
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by traveling storms in east longitudes occurred on the 
1st, 10th, 11th, 25th, and 26th; those occasioned by the 
Aleutian cyclone were reported as of the 5th, 6th, 8th, 
11th, 15th, 20th, and 23d. The 11th was the day of most 
widespread severe storminess in northern waters. Insome 
5-degree squares between the fortieth and fifty-second 
parallels, where observations were thickest, there was 
upward of 25 to 30 or more per cent of the days with 

ales. Between 158° and 170° W., and closely along the 

ftieth parallel, whole storm to hurricane winds were 
reported on five days during the early half of the month. 
A glance at the odjoiatn tabular reports of Gales and 
Storms will give a fair indication of the unwonted rough- 
ness of the weather during the closing month of the year. 

Although there are no reports at hand at this writing of 
the existence of a typhoon in December, there are evi- 
dences of a depression of some activity west of Guam 
during the middle days of the month. e British motor- 
ship. Bananas experienced a westerly gale of force 9 in this 
neighborhood in the 18th. A moderate gale occurred 
west of Luzon on the 17th. 

On the 4th and 5th strong gales occurred between the 
Hawaiian Islands and Midway, and from the 24th to the 
27th abnormally heavy northeast trades blew south and 
east of Hawaii, acquiring a force of 8 to 9 on the 25th to 
27th as low in latitude as the thirteenth parallel. The 
Pacific-California anticyclone, extending farthest south 
during these days, gave highest pressure readings of the 
month at Honolulu. 

The prevailing direction of the wind at Honolulu con- 
tinued from the east, whence it blew 67 per cent of the 
time. The maximum velocity was at the rate of 42 miles 
an hour, from the northeast, during a thunderstorm on 
the 25th. 

Moderate to strong northers, sometimes rising to force 
9, covered the Gulf of Tehauntepec and a considerable 
southward stretch of the sea, on the 8th and 9th, and 
from the 24th to the 28th. On the 27th a norther of 
force 8 was experienced off the Costa Rican coast. 

Little fog occurred over the traveled routes, except in 
local areas over the southern part of the Gulf of Alaska, 
and off the Washington and California coasts. From 
longitude 140° W., 48° to 51° N., eastward to Puget 
Sound, fog was quite general from the 14th or 15th to the 
20th. Ten to 15 per cent of days with fog occurred off 
the middle and southern California coast. The phenom- 
enon was observed on the 11th in the Gulf of Tehauntepec, 
and on the 30th a day’s run northeast of Honolulu. 

The following note on a singular electrical phenomenon 
was furnishe c the British steamer Collegian, Capt. J. 
Jackson, San Francisco to Balboa, observers, D. Fraser, 
second officer, and G. Dewar, third officer: 

' Dec. 1, 3.50 a. m., lat. 11° 50’ N., long. 88° 45’ W. 
Lighting in low clouds, altitude about 10° to NNE. 
After one flash a streak of bluish light shot towards the 
zenith from the clouds, leaving a trail across the sky like 
a meteor to the altitude of about 30°, when it died out. 
The sky was clear except for clouds low on the horizon, 
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CLIMATOLOGICAL TABLES’ 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest{and least total precipitation; and other data as indicated by 
the several headings. | 

The mean temperature for each section, the highest andjlowest temperatures, the average precipitation, and 
the , omg and least monthly amounts are found by using all/trustworthy records available. ‘ 

he mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smallerjthan the total number of 
stations. . 


. Condensed climatological summary of temperature and precipitation by sections, December, 1928 
Temperature Precipitation ‘ 
: 8 Monthly extremes é Greatest monthly Least monthly 
> : > 
“2 
= 
- 
A si 
F.| °F. In. In. In. In. 
pc 46.7 | —0. 23 28 || 2.16 | —2.69 | Seven Hills......... 7. 03 0. 52 
Appa <....... 3416 43.5 | —0. 27 216 || 0.75 | —0.56 | Prescott............. 2. 65 0. 00 
43.4 | +0. 23 20 || 4.41 | +0. 36 8. 34 1. 67 
California... -.-....... 44.0 | —2. 27 14 || 3.44 | —0.73 | Upper Mattole.._... 13. 00 0. 00 
Colorado. .........--- 23.1 | 28 217 || 0.40} —0.53 | 2. 91 0. 00 
59.2 | —0. 4 29 || 1.45 | —1.41 | Cottage Hill........ 3. 83 0. 09 
SS 48.4 | +0.8 13 29 || 1.92 | —2.34| Blakely............. 3. 62 0.70 
22.4 | —3.1 227 4 1.50 | —0.43 | 4. 50 0. 16 
34.0 | +3.5 28 21 || 2.33 | +0.09 | Effingham... 3. 61 1.05 
34.6 | +2.5 28 21 || 2.15 | —0.75 | Marengo...........- 3. 35 0. 98 
28.7 | +4.6 5 || 0.89 | —0. 25 1,98 0.12 
35.8 | +4.2 | 4 stations............| 76 27 5 || 0.98 | +0. 04 4.17 0. 00 
Kentucky. ........... 39.5 | +1.9 | 72 28 22 |} 2.32 | —1.76 5.13 0.79 
Louisiana._........-.- 51.2 | —1.1 | 2stations_........... 84 4 9 || 4.63 | —0.62 7. 06 2. 63 
Maryland-Delaware-_-_| 36.9 | +1.8 | 3 stations..........__ 63 17 22 || 1.63 | —1. 66 2. 94 0. 83 
29.1 | +4.2 Hillsdale 54 ll 6 || 1.59 | —0.55 3.94 0. 03 
Minnesota_..........- 22.6 | +7.8 | Canby.............. 56 12 21 |; 0.62 | —0.12 1.43 0. 06 
Mississippi.........-- 47.6 | —0.5 | 4 stations__.......... 4 9 || 3.19 | —2.34 6. 57 0. 68 
36.2 | +2.3 | 2stations............| 81 28 5 || 2.24 | +0. 21 5. 04 0. 23 
Montana -| 23.8 | +15 | Billings............. 62 27 3 || 0.73 | —0.17 3.30 ®. 
Nebraska............. 29.1 | +3.3 | Sidmey__......-..-.. 74| 2 8 || 0.16 | —0.58 | Mason City_..-..... 1.00 0. 00 
28.7 | —2.9 | Searchlight__........ 13 19 || 0.54 | —0.42 Kimberly........... 2. 35 T. 
New England-_-.._...- 31.1 | +4.5 | Boston, Mass_...... 61 18 23 || 2.49 | —0.88 | Machias, Me........| 5.01 0. 04 
ew 36.3 +3.8 | New Brunswick... 18 22 || 1.64 | —2.29 4. 63 | 0. 69 
New Merico.......... 33.0 ; —0.5 | Tucumcari (No. 2)..| 82; 28 20 || 0.48 | —0.382 | Pesamonta.......... 2. 60 0.00 
New York............ 31.8 | +5.2 | 2 stations............ 61 14 22 || 1.33 | —1.65 Market.......- 3. 95 0. 04 
i Carolina....._- 42.7 | +0.1 | Lumberton----..... 17 29 | 2.53 | —1.47 | Hatteras_...... 10. 09 0. 35 
North Dakota_....... 20.7 | +7.7 | 3 stations._..........| 57) 29 20 || 0.28 | —0.26 | Cooperstown... 0. 95 0. 00 
. Ohio 34.6 | +3.4 | Middleport.._...... 65 13 21 | 2.02 | —0.90 | Marietta (Best) 2. 58 0. 83 
i Oklahoma............ 41.8 | +2.5 | Hollis............... 81 23 18 || 2.05 | +0.48 | Idabel............... | 6.48 0. 37 
33.1 | —1.2 | 3 stations............| %9 23 || 4.16 | —0. Valsetz.............. 16. 85 0. 16 
i sylvania......... 34.4 | +3.3 | Elk Lick..........-./ 68 12 921 || 1.16 | —2.07 | Greensboro.......... 2. 57 0. 28 
South Carolina....... 46.1 | —0.5 | 2 stations 78 | %4 #9 || 1.87 | —1.65 | Caesar’s Head.......; 5.14 0. 61 
South Dakota- 27.7 | +7.7 | 0.17 | —0.44 Ranger 0.80 0.00 
on. 
Tennessee. 41.9 118 9 || 1.02 | —2.65 ville.......... 4. 34 0.55 
49.0 4 118 || 272 | +0. 56 8.32 0.00 
23.8 127 22 || 0.67 | —0.56 | Silver Lake.......... 3.16 0. 
H WR Re menncentesn=t 38.8 3 10 || 1.69 | —1.52 | Diamond Springs_..| 6.60 0. 55 
31.6 23 93 || 4.40 | —1.16 0. 39 
West V 13 22 || 2.08 | —1.35 | Parsons............. 5. 50 0. 24 
Wisoonsin............ 24.9 | 44.8 | 97 21 | 1.05 | | County | 2.02 0.00 
Wyoming__.......... 18.3 | —2.1| Torrington.......... 67| 27 | Riverside........... -31| 19 || 0.49 | —0.33 | Border............-. 1.76 0.00 
| Alaska (November).._| 19.3 | +5.6 | 62| 11) Allakaket........... —50| 24 3.48 | +0.97 | Cordova_........... 30.14 | White Mountain....; 0.09 
69.9 0.0 | Molokai Ranch.....| 93 | 26 | Voleano Observatory; 27 || 8.79 | —0.86 | Papaikou (Mauka)_.|[42. 92 0.00 
Porto Rico............| 75.5 | 41.0 | Juncos.............. 95 56 | || 6.74 | +2.01 | San Cristobal. ...... 59 --| 1.85 


! For description of tables and charts, see REvigw, January, 1928, p. 29. 3 Other datesjalso. 
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District and station 


New England 


Eastport.............. 


Greenville, Me.......-| 


Portland, 


South Atlantic States 
Asheville.............. 


Washington..........- 


Ca 


Reading..............- 
Atlantic City........- 
Cape 
Sandy 


Harrisburg 


Middle Atlantic States 


Florida Peninsula 
Key 
Antonio 


M 
Ti 


East Gulf States 


vlor 


lastine 
Port Arthur_..........| 


Groesbeck............. 
Ho 


Meridian. -........... 
Vicksburg... .......... 
New Orleans. 

Fort Worth........... 
Galveston............. 


Apalachicola... ......- 


M 


fe 


| | | 

| 

| | 

q 67 85) 29. 90 

289) 79 20.71 
Burlington............| 403] 11) 48) 29.60 
‘ Northfield.........---| 876} 12} 60)-.--.- 
Boston........--------| 125) 115} 188) 29. 93 
12) 14) 90} 30.05 
Block 26} 11] 46) 30.04 
Providence. .....-.---| 160} 215] 251] 29. 90 
159] 122)____| 29.93 5 
New Haven........-..| 106} 74} 153] 29.99 

7 1.34 -1,7 5.6) 
te | 4 
3 97} 115} 30. 11} +. 03) 34, 2| 5.7| 56 41) 14 23) 75) 0. —0. 6) 4, 275) sw. 26) s. 5} 9} 11) 11) 5. | T. 0. 
: Binghamton.....-....| 871] 10! 84] 29.13 09} 00) 33. 4) 57] 1M) 40} 11) 0.16) —2.3) 3,805) nw. | 29] w. 18} 7| 6) 18) iT i 
New 314) 414) 454) 20.78) 13) +. 04) 39. 4! 53] 46) 20) | 25 68) 0.85; 7|10,799| nw. | 48] sw. | 18] 10) 10) 11) 5.0) | 0. 
36) 28.90) 32.3) | 54] 49) | 35 19 9} 12) 5. | 

. 374/ 94) 104] 20.75) 17) +. 05) 37. 3) 58] 1) 44 16 | 28 25| 65) 0.62; —2, 3,915: w. 26] sw. | 17] 11/ 10) 5.0) 1 
114) 123} 367] 30. 02 16) +. 05. 40. 8) 4. 5; 60) 18) 47} 21 | 25 68; 1.50) —1.9} 7 7, 881) nw. 46) sw. 18} 10) 8 13) 5.8) 

325] 81] 98) 29.78) 38.1) __| 50] 46 18| | 98 73] 0.76) —2.6) 7) 3,923] w. 21] nw. 5] 11) 8} 12) 5. 

| 805} 111) 119] 29. 24 14) +.04) 353 . 5| 58} 12) | 97 72) 0.49) 7 28] nw. | 30] 6) 7| 18) 7. ( 

52} 37| 172) 30. 08 14) +. 04) 56 46} 21 22 31, 2.03} —1.9| 8 42) s. 17| 14 6 4.0) 

17] 18) 343) +0. 3) 57 46) 18 | 23 82} 82 107 

190} 159} 183} 29.92} 30.13)______| }..----| 60] 46) 17 96) 28; 73 9} —2, 6,146] nw. | 34) nw. | 18] 11) 13) 5.0 

123] 100} 113) 30.02) 30.15) +.02| +3.8] 63] 48] 22 | 27 29; +67 2; —2.2} 7| 5,587) sw. 36] w. 18| 14) 8 9} 4, ¢ 

112) 85) 30.04) 30.17) +. 04) 3 +2. 6) 62) 1H 48) 20 28| 70 1} —2.1! 3,591) nw. 32) nw. 18 16 5} 10) 4. 

18} 54} 30.11) 66] 17] 49] 29 29 36| 78 +0. 5} 13) 9,082) n. 43] n. 8} 12) 7 12) 5. 

681] 153} 188) 29.40} 30.17) +. 03) 4 +1. 1) 62} 17} 51) 20 35 27| +65 —2.2; 6) 3, 588) w. 26) nw. 18] 12} 11} 8} 5. | 0. 

91) 170} 205) 30. 06) 30.16) +.03) 44.6) +1.5] 65} 1) 51] 29 27| 39) 34) 72 5} +0. 5} 12) 8,156) ne. 32] nw. 18] 10; 5 16| 5.8 j 0. 

144] 11) 52} 30.01) 30.18) +.04| 41.0} +1. 2) 63} 17] 51] 18 33] 35 74 —1.8} 8] 4,305) ne. 29) sw. 17} 13; 5} 13) 5. 0. 

2, 30 49} 55} 27.72) 30.18) +.03) 36.4) +1.1 4) 46) 15 34) 30) 26) 73 6 —2, 8} 3,941) w. 25) Ww. 17] 12) 7} 12) 5. 1.2} 0. 

48.0) +0.6 74) 2. —0.8) 5. 

0} 84) 27.75 73 7 28 12 4.7) 1. 

Charlotte. ............ 9} 55) 62} 29.31 | 72 —3.0) 5 18 | 11) 5.0) TY 
Greensboro.......-..-| 886} 56) 29.20 | | 80 29 | 12) 5.4) Ty 
Hatteras..............| 11) 11} 50) 30.09 | ag 87| +5.9) 18 42 | 14) 5.9) 0, 
376) 103} 110) 29. 75) | 73 8 —1.7| 8 20 13} 6.8] 0. 
Wilm _ | 82 +0.8) 13 20 | 14 6.1) 0. 
Charleston...........-. 11} 92) 30.10 | 8 72 —1.6| 6 25 6.8! 0. 
Columbia, 8. C.......| 351] 41) 57 29. 79) ia -1.1) 5) 24 | 5.0) 0. 
Due West.............| 711] 10} 55} 29.40 68 8 | 30 11) 4.8) 0. 
Greenville, 8. C_....../1, 039] 139] 146} 29. 04 66 | | 66) 8 30 4.8) T. 
182} 62) 77| 29.97 72 2.34| 6 . | 2 | 4.6! 0. 
Savannab.............| 65] 150} 194) 30.09 76 1.08) —1, 5| 31 12) 5.2) 0. 
Jacksonville........... 3} 209) 245} 30. 10 75 76} 1.34) —1, 7 32 12\ 5.4) 0. 
66,0) —0,4 1,19} —0, 3.8 

22; 10) 64) 30.08) 30.10) +. 02) 69.4) 83 75] 53] 9] 64) 16) 64 84) 2.26) +0. 2) 5,926) ne. 25] n. 24; 7} 012.5) 00/00 

5} 71) 164) 30.09) 30,12)...___| 67.3} —0.7/ 81) 2! 74! 46) 29] 60: 61} 58} 77| 0.74) —1.3) 6, nw. | 23] nw. | 25) 15 13} 3) 3.7) 0.0: 9.0 

35 9} +87} 30. 10} 30. 13) +. 01) 61.4) +0.3] 82) 5] 70} 38] 23) 53 54) 51) 0.56) —1.5) 3,898) ne. 19] 13] 15 5) 11/47) 0.0 

30.07) 30, 12)......| 59.6)... 67} 35) 10) 52) 0.64...) mw. 13] 7] 11] 4.4] 0.01 0.0 

49,3) —0, } 2,77) —1, 

1, 173} 190} 216] 28. 91 17| +. 01) 45.2 67| 4) 53 9 28} 39) 34) 69) 0. —3.9 8 nw. | 31) nw. 17} 13) 8} 10 

U 8} 87) 29.78 18} +. 02) 47. 138 25) 23] 37] 34) 41! 36) 73) 2.75) —1, 7 nw. 19] nw. 18] 15) 6) 10 T. | 0 

273) 49) 58) 29. 86) +. 02) 52. 75| 29) 62) 9} 44; 20) 46) 41) 74 -L 7 n. 16} sw. 29} 12} 6) 13 0. 0} 0. 

36 49, 30.12 16)......| 54. | 73} 29) 61; 33) 9] 48) 23 47| 82 | 25) e. 13] 14 8 9 0.0) 0 

56| 185, 30. 18] +. 03) 53. 69] 29 9] 46 43| 73 “ig in. | 351e. | 13} 11; 6 14 0.01 0 

741; 29. 40 21! +. 05) 44. | 72) 4) 561 19) 91 32) —3.2 8 | nw. 19] nw. 17] 15) 10) 6 0. 0) 0 

11) 48) 29. 41 20) +. 04) 46. | 70; 4) 56) 22) 37) 33 34; 69 —3.7| 5 n. 34] se. 13} 13} 11) 7 0.0) 6 

57| 125| 161, 30. 12/18) +. 03) 52. | 74| 29] 61] 44| 28] 47 74 +0.8) 7 n. 29} se. | 13] 11 3 0.0! 0 

| 223} 100| 112) 29.94/20} +. 04) 49. | 71| 4) 59} 27) 9] 40} 30] 43| 68 —2.9 7 n. 26| se. | 13] 13} 10) 8 T. | 9 

375} 87| 95) 29.78) 30.19) +. 03), 47. | 74) 4 21; 9} 36} 35) 41 73 —3.5| 3,404) nw. | 21) se. 12} 11) 11) 9 Om 0) 

65) 73) 29.91) 30. +. 05) 49. 73| 4) 58 9 43 67 —1.7| 6) 4,641) se. 24] nw. | 17] 13) 8 Om 0. 

76| 84) 30.12) 30.18) +. 05) 54. 4 33] 9] 47} 25) 49) 44) 75 | +1.3) 7| 4,012) ne. ne. 11 13 Om 0, 

4 73 +1. 

93) 29. +. 49.4) +0.3) 75) 4 8 66 +0. 6} 4, nw. 17} 19 Om 0. ak 

1,303] 28. +. 01) 39.8} +2. 3] 72} 28) 50; 16, 8| 30; 

457; 79} 94) 29. +. 03) 43.1) +-1. 0) 74) 28] 53) 23) 20) 34; 38) 37) 32) 72 | —1.1) 6) 5, 766) 34] w. 4 1 

357} 136) 144) 29. +. 44.2} 0.0) 70) 28) 53; 25) 36; 38 67 | +1.4 8 6, 31] nw. 26; 19) 5 Om | 

148) 29. -..---| 50.8) —0,2) 81) 4 29) 21 5} 44 71 0. 8} 4, 985) nw. 17; 14, 7 1 | 

57| 53) 61) 30. ------| 60.6) —0.6) 4) 69) 36] 23) 53) 25 83 | +0.1 4, 768| n. 17; 9 8 1 0. 

73} 30. +. 04) 57.0) —1.0) 76) 4) 64) 35) 21 26} 53 83 1 +3.5| 8 6, 215) 34] nw. 17; 8 8 1 0. 

512} 220) 227) 29. | 28] 57) +25 38) 8, 299) w. 22; 2 0. 

670} 106) 114) 29. +. 04) 48.2) +-0.7) 81) 28) 58) 29) 38) 34 67 +3.7| 7) 5, 549) 27; nw. | 31) 16 6) 0. 

54] 106) 114) 30. +. 54.8) —1.6) 75) 4) 61 22/ 49, 20) 51 81 +0.4| 9} 6,182) 34] nw. 17| 13) 13) 0. 

461) 11 29. ------| 7| 6,588 27| nw. 16) 14; 9 0. ke 

1 314) 30. 54.0) —0.4 4 33} 45) +0.1) 11) 8,418) nw. nw. 17; 11) 9 

510} 64 29. +. 06) 49.2) —0.7| 76) 4 8} 39) 30 +1. 7| 4,815) s. nw. 17; 16; 8 0.8 

34 30. 58. 75] @ 83) 23) 46; ---.--| 9} 4,470) n. n. 17; 11) 9 0. 0. 

29. +. 06) 53.5) —0. 4) 63) 3 44 3: 69 +1.3 4, 104| ne. 27| nw. | 17 0. 0. 

29. +.10| 49.3) —1.3 21 +0. 4,919 nw. sw. | 28) 13) 11 
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Hawaiian Islands 
Honolulu 
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Charlottetown. 


Chatham, 


Moose Ja 


Estevan Point, B. C_.. 
Hamilton, 


Edmonton 


Barkerville, B. C 


London, 

Winnipeg, 

Minnedosa, Man 

Le Pas, Man._- 

Moose Jaw, Sask... 

Swift Current, Sask__.. 

Medicine Hat, 


Southam 


Kingston, Ont 


Doucet, Que-..- 


Charlottetown, P. E. I.............------ 


Miles City Maret). 371 
Chatham, N. B... 


Titusville (August)... 
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Colon.....--..-------- 
Yakima 


Medicine 


4 


2 
instrum 
| 
Balboa 
{ 
f 
+ 
by 
— Q 
— 
Cor 
4 
i 
0 
oO 
Q 
Lal 
q 
Barkerville, B. C__.............- 
~~ Estevan Point, B. 
Prince Rupert, B. C_............ 
+ 


December, 1928. M.W.R. 


I - 


op 


di 


oc om 


° 


Mag | 
}) 


\ 


4 


i 


oo 


© © HOO WOON 


Ort 


JO Jo JUNOUIY MOUS 
‘(—) Aoustogep soys sucyi0d pepeysug 
‘( +) 8800x8 pepeyg | 


| 
| RAS \ \ = \ \ KH 
| 


TLOTO 


December, 1928. M.W. R. 


mor 


\ 

> 


smoyr 


DS \ 


+4 


| 


Lvr—125 


December, 1928. M.W.R. 


SP! 


2 


| 


pea £q ponora) 


>) <= ‘ £ 4 a j ( 


‘soqouy 1240, 


"yuan sad 09\04 


December, 1928. M.W.R. 


>, 


— 


Lv1—126 


me oak | 


December, 1928. M.W. R. 


AIP 


JO pue punorip uo moug jo y3deq ‘seqoul ‘ILA 


ULO TTR 


eos oof oot oot 


Lvi—128 

i 


LyI—129 


December, 1928. M.W. R. 


/ 


| 


am 
é 


| 


| | Wai | \ | = 

ae +~ | 4 33 | | a 

— 

: 


SS6I ‘S GION JO GVM “ITIA : 


> 


— 
7 
—— 
— 
a 
— 
ug 
— 
— 
— 
— 
— 
— 
: 
— 
4 
; 
— 
— 
— 
€ 


December, 1928. M.W. R. 


‘aequinu seddq -sealZep 

Ul Jo pus ITE Jo 

== 

‘mous 10 prey ‘ures 

‘Apnop> @ ‘Apnojo Apaed © O 

9.103 

uve 


OF 


os 06 ort oc: oF 


oer 


fel 7 \ \ \ \ | | 
| | | > © | 
& £ / 7 ? wed 
i 


UVION jo dem MA 


‘OT 


December, 1928. M.W.R. 


¢ \ 
\ 


*1048M ‘IOMO] 

‘aie ‘zequinu ‘seerZep 

Ul JO PUB ITB JO 

= 

‘mous 10 [ey W ‘ayer 

‘£pnoyo @ ‘fpnojo © O 

*£ino19Ul JO Ut 
‘UOON 


- 


(Sunox *y ‘a 4q 
‘6 equieceg Jo dey “XI WYO 


| 
LvI—131 

-—-+—-—-— --—- i$? 2 il ¢ é i 

é * aS ft = | 

— 


“IS, 


ae 


*109BM ‘I9MOT 
Ul JO pus jo 
= 
‘mous “eojs Jo W 
‘kpnop @ ‘Apnop Apaed © 
BOB 4105 
“purm oy} Ap 
‘UOON 


(SunoxX “Vy Aq 


= 


or 


December, 1928. M.W.R. 

e \ ; | | 
to. dof! é Dz 
i | , / & 
| © 7 j j 
o , | 
Fick 
= 


December, 1928. M.W.R. 


‘TOMO] 
-USIYBY Ul JO GOBJINS puB ITB JO 
== 
‘mous 10 [wy § 
‘£pnops @ ‘Apnopo Apaed © O 
:BMOT[OJ] 8B spOquIAS 
or 
“nveg ‘a010} JO 
“pura oy} Ay 
JO uy sBur 


OC) 


‘TI sequieceg Y UWON Jo ‘TX WeYO 


4, \ < \ -- \ \ 

4 — — = 

— SS 


: 


scription to the Keuview does not include the Supplements, which are issued irregularly and 


the Review, and the price of the particular Supplement will be there announced. — 


"PUBLICATIONS OF THE U. s. WEATHER’BUREAU 


A list of publications, showing those for which a charge is Ee and those which are > iseted 
gratis, may be obtained by application to the ‘‘Chief, U. S Weather Bureau, . Washington, 
D. C.,” to whom algo requests for the publications issued gratis should be made. 

To obtain publications for which there is a charge apply. to “Gigperintaniian’ of Documenta, 
Government Printing Office, Washington, D. C.” hs 

“Annual Subseriptions to the Monraty Ruview, $1.50; Sub- 


are for sale by the Superintendent of Documents. Supplements,will usually be in 


: Detailed climatological data for the United States and its Territories mar be. purchased | 
from the Superintendent of Documents as follows: 

A volume issued monthly entitled ‘Climatological Data for the United States, by Seon 
tions” (each section corresponding to a State, except that some small States are combined ins. 
one section), comprises all but Alaska, Hawaii, and Porto Rico. By subscription, 12 months’ 
and annual summary, $4; single months, 35¢. Individual sections, by subscription, 12 Com 
50¢; single months, 6¢. The individual section prices apply to the reports of Alaskan, Havraige 
and West Indian services, the last named including Porto Rico and the Virgin Islands. 


PREPARATION OF MANUSCRIPT FOR PUBLICATION IN THIS REVIEW 


The following memorandum in regard to preparing manuscripts for publication is repto- 


duced from the regulations of the Department of Agriculture with econo: 
in the public printing: 


_ Authors will be expected to prepare their manuscripts with the that raanuscript 
leaves the author’s hands it is in final form and not subject to further change of text in galley or page proof, 
With the adoption of this policy it will be necessary that authors consult workers on related subjects in ‘ottiad 
bureaus before finally submitting their manuscripts for publication, = all matters as to — a: is aifteny 
ence of opinion must be settled in advance. 


The Weather Bureau desires that the Ruyinw shall be a medium of 
publication for contributions within its field, but the publicetion of a or is nd to be Ale 


construed as official approval of the views expressed. 


PROOFS AND REPRINTS 
In order to the schedule with the Public Printer, no proofs will 


outside of Washington, D.C. Requests for a limited number of reprints of the more important — BS 


contributions can be granted. Such requests should be made by the rian’ on the 4 peg? 
of the 


MISSING NUMBERS 


Missing of the will be supplied gratis when 
to Chief of Weather Bureau, is received within three months of the usual date of receipt of the <= 
missing number, Applications filed at a later date should be accompanied by the price of the - 
Reviews desired, 15¢ the copy, and be addressed to the Superintendent of —, U. s, 
Government Printing Office, Washington, D. C. : 


Certificate.—By direction of the Secretary of Agriculture, the matter ¢ontained 
administrative and statistical information and is required for the proper transaction of the public business. i 
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